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THE    CAUSE    OF    INCREASED    VASCULAR    SOUNDS    AFTER 
EPINEPHRIN   INJECTIONS. 

By  JOHN  K.  LEWIS  and  A.  W.  HEWLETT. 

{From  the  Department  of  Medicine,  Stanford  Medical  School.) 


It  is  well  known  that  certain  individuals  show  a  definite  reaction  after  the 
subcutaneous  or  intramuscular  injection  of  epinephrin.^-'''^  There  is 
increased  pulse  pressure,  increased  pulse  rate,  tremor,  palpitation  and 
apprehensive  sensations.  In  addition,  the  arterial  pulse  in  the  arm  becomes 
larger  and  shows  a  more  pointed  form,^  and  the  vascular  sounds  heard  during 
the  auscultatory  determinations  of  blood  pressure  become  louder.  ^^  The 
cause  of  the  increase  in  vascular  sounds  is  not  known.  Presumably  it 
could  be  due  either  to  changes  in  the  systolic  output  from  the  heart  or  to 
local  changes  in  the  arteries  of  the  arm.  In  the  present  study  an  attempt 
was  made  to  throw  Ught  on  this  question. 

Changes  in  the  vascular  sounds  following  epinephrin  injections  were 
correlated  with  changes  in  the  pulse  pressure,  in  the  size  of  the  volume  pulse 
and  in  the  pulse  form.  The  increase  in  pulse  pressure,  produced  by 
epinephrin,  is  presumably  due  to  an  increased  systolic  output  from  the 
heart.  The  more  pointed  pulse  form,  in  the  presence  of  an  increased  systohc 
output,  is  presumably  due  to  relaxation  of  the  larger  arm  arteries.  The 
increased  size  of  the  volume  pulse  may  be  attributed  to  either  or  both  of 
these  factors.  Thus  we  see  that  by  correlating  changes  in  the  loudness  of 
the  vascular  sounds  with  changes  in  the  pulse  pressure  and  pulse  form, 
one  might  obtain  some  indication  of  the  cause  of  the  louder  vascular  sounds 
commonly  heard  after  injecting  epinephrin. 

Twelve  individuals  were  tested.  Blood  pressure,  pulse  rate,  tremor,  etc., 
were  observed  as  in  the  cases  tested  for  epinephrin  hypersensitiveness  by 
Goetch.'-  In  addition,  the  intensity  of  the  vascular  sounds  was  noted  and 
tracings  were  made  which  showed  the  size  and  form  of  the  volume  pulse 
waves. 

The  individuals  tested  were  all  males  from  the  medical  cUnic  wards  of 
Lane  Hospital.  Most  of  them  had  entered  the  hospital  for  diagnosis. 
Patients  were  selected  who  on  account  of  nervousness  or  vascular  instability 
seemed  likely  to  react  to  the  drug.  All  tests  were  conducted  with  the  patient 
Ijdng  down.     The  blood  pressure  was  taken  with  a  mercury  manometer, 
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the  vascular  sounds  being  observed  by  placing  a  small  bell  stethoscope  over 
the  artery  just  distal  to  the  cuff.  The  raised  intensity  of  the  sounds  was 
estimated  and  recorded  with  plus  signs,  care  being  taken  to  eliminate,  so  far 
as  possible,  variations  due  to  changes  in  position  and  pressure  of  the 
stethoscope.  Records  of  the  volume  pulse  in  the  arm  were  taken  with  an 
air  plethysmograph  and  a  Frank  capsule,  a  method'^  which  made  it  possible 
to  measure  approximately  the  size  of  the  pulse  waves. 

While  the  patient  lay  quiet'  tracings  of  the  volume  pulse,  and  records 
of  blood  pressure,  pulse  rate  and  intensity  of  the  vascular  sounds  were  made. 
After  the  blood  pressure  and  pulse  rate  had  become  constant,  from  0-5  c.c. 
to  10  c.c.  of  a  1  :  1,000  solution  of  epinephrin  was  injected  deep  into  the 
muscles  just  below  the  clavicle,  the  dose  being  varied  somewhat  according 
to  the  probability  of  obtaining  a  reaction. 

Observations  were  continued  until  the  reaction  from  the  drug  subsided. 
The  various  observations  were  made  in  rapid  succession,  pulse  rate  and 
blood  pressure  readings  being  taken  one  or  two  minutes  after  each  volume 
pulse  tracing.  The  cycle  of  records  were  repeated  on  an  average  every  four 
minutes  during  the  height  of  the  reaction. 

Of  the  twelve  patients  to  whom  epinephrin  was  given,  three  showed 
no  reaction,  two  showed  atypical  reactions,  and  seven  gave  definite  reactions. 
In  typical  reactions  there  was  an  increase  in  systolic  pressure,  pulse  pressure 
and  pulse  rate.  The  diastolic  pressure  usually  remained  constant  or  fell, 
the  latter  being  the  more  common.  During  the  reaction  patients  frequently 
become  apprehensive  and  nervous  and  usually  developed  tremors.  A 
summary  of  the  nine  reactions  is  given  in  Table  I. 

With  one  exception,  Case  4,  all  the  patients  who  reacted  at  all  to  the 
drug  showed  a  definite  increase  in  vascular  sounds.  These  became  louder 
and  more  snapping  in  quahty,  maldng  it  easy  to  obtain  blood  pressure 
readings.  This  alteration  in  sounds  was  present  during  all  phases  of  the 
auscultatory  determination  of  blood  pressure,  but  was  most  marked  in  the 
third  phase.  In  the  one  instance,  where  an  increased  intensity  of  the  vascular 
sounds  was  not  recorded  (Case  4),  the  sounds  became  more  clear  and  snapping. 
There  was  usually  an  increase  in  the  pulse  volume  ;  although  in  some  cases 
this  was  so  sUght  that  it  might  be  attributed  to  a  technical  error.  Every 
case  showed  some  increase  in  the  pointed  quality  of  the  pulse  wave. 

In  most  cases  the  change  in  vascular  sounds  was  accompanied  by  changes 
in  pulse  pressure,  pulse  form  and  pulse  size,  the  cases  which  showed  the 
greatest  increase  in  vascular  sounds  also  showing  the  greatest  increase  in 
these  other  factors  (Table  I).  This  relationship  was  most  exact  with 
regard  to  the  pulse  pressure.  In  most  reactions  the  sounds  were  observed 
to  be  louder  as  long  as  the  pulse  pressure  increase  lasted.  This  was  true 
whether  the  diastohc  pressure  rose,  fell,  or  remained  constant.  In  one 
instance.  Case  2,  with  an  atypical  reaction,  no  definite  relationship  between 
pulse  pressure  and  vascular  sounds  was  observed.  In  the  second  recorded 
observation  on  this  patient  the  sounds  had  increased  while  the  pulse  pressure 
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TABLE  I. 

Effect-  of  ephu'phn'n  on  blood  pressure,  vascular  souui/s  and  pulse  waves. 


Blootl  pressuie. 

Pulse. 

Vascular 
sounds. 

Pulse 
rate. 

Case. 

in  cc. 

after 
inject. 

Syst. 

Diast. 

Pulse. 

Pointed 
quality. 

Volume 
of  pulse. 

1 

0-8           Before 

122 

82 

40 

+ 

4- 

0-79 

84 

1  min. 

122 

82 

40 

+ 

+  + 

107 

92 

6     „ 

144 

66 

78 

+  + 

+  + 

1-17 

90 

66     „ 

142 

74 

68 

+  ± 

+  + 

0-92 

96 

81     „ 

130 

76 

54 

+ 

+ 

0-90 

90 

2 

0-5 

Before 

134 

94 

40 

± 



0-35 

70 

3  min. 

118 

80 

38 

+ 

± 

0-31 

96 

10     „ 

136 

84 

52 

+ 

+ 

0-41 

84 

61     „ 

130 

92 

38 

± 

+ 

0-44 

90 

3 

10 

Before 

118 

84 

34 

± 



0-52 

66 

13  min.  . 

118 

82 

36 

± 



0-65 

70 

29     „ 

126 

80 

46 

+ 

+ 

0-72 

78 

55     „ 

122 

80 

42 

+ 

± 

0-57 

78 

67     „ 

118 

82 

36 

± 

± 

0-56 

76 

4 

0-8 

Before 

110 

78 

32 

MufHed 

+ 

0-48 

58 

4  mill. 

140 

80 

60 

Snapping 

+ 

0-57 

72 

1 

27     „ 

134 

74 

60 

Snapping 

+  + 

0-63 

68 

52     „ 

122 

82 

40 

Booming 

+ 

0-63 

62 

5 

10 

Before 

118 

84 

34 

+ 

± 

0-94 

54 

10  min. 

160 

92 

68 

+  + 

+ 

110 

66 

14     „ 

140 

88 

52 

+ 

+ 

1-14 

68 

30     „ 

128 

82 

46 

+ 

+  + 

1-16 

68 

6 

0-5 

Before 

U2 

74 

38 

+ 

+ 

093 

68 

4  min. 

146 

66 

80 

+  +  ± 

+  + 

1-16 

80 

11      „ 

132 

66 

66 

+  + 

+  + 

1-26 

80 

39     „ 

126 

74 

52 

+  + 

+  ± 

115 

74 

55      „ 

122 

80 

42 

+ 

+ 

M6 

80 

7 

0-.5      1     Before 

110 

74 

36 

+ 

± 

0-98 

58 

4  mill. 

112 

74 

38 

+ 

1-23 

64 

15     „ 

124 

66 

58 

+  ± 

+  + 

1-29 

66 

40     „ 

122 

68 

54 

+  ± 

+ 

M7 

64 

8 

0-5 

Before 

110 

68 

42 

+ 

+ 

0-77 

68 

/  mm. 

116 

60 

56 

+  ± 

+  + 

0-88 

80 

24     „ 

130 

68 

62 

+  ± 

+  + 

0-86 

86 

33     „ 

126 

70 

56 

+  ± 

+  ± 

0-88 

86 

9 

0-8 

Before 

110 

78 

32 

a. 

± 

0-49 

72 

10  mill. 

128 

70 

58 

+  ± 

+ 

0-60 

74 

23     „ 

126 

70 

56 

+  ± 

+ 

0-63 

80 

30     „ 

122 

70 

52 

+  i 

+ 

0-53 

80 

remained  constant  and  the  systolic  and  diastolic  pressure  fell.  Later  the 
pressures  increased  \^-ith  no  further  change  in  sounds.  In  Case  4  the 
increased  pulse  pressure  was  accompanied  by  a  change  in  the  quahty  but  not. 
in  the  loudness  of  the  sounds. 
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The  pulse  form  and  pulse  volume  also  varied  with  the  changes  in 
vascular  sounds,  but  the  relationship  was  not  a  close  one.  In  two  instances, 
Cases  1  and  7,  a  definite  increase  in  volume  pulse  and  pointed  quality  of  pulse 
wave  occurred  before  the  vascular  sounds  had  increased  (Fig.  1).  In  other 
instances,  Cases  2  and  5,  the  change  in  pulse  form  and  size  persisted  after 
the  sounds  had  diminished.  In  Cases  6  and  7,  although  the  pointed  quahty 
of  the  pulse  wave  diminished  with  the  vascular  sounds,  the  increase  in  volume 
pulse  persisted.  Thus  we  see  that  the  increase  in  the  loudness  of  the  vascular 
sounds  following  an  injection  of  epinephrin  was  more  closely  related  to  the 
increase  of  pulse  jjressure  than  to  either  the  increased  size  or  to  the  pointed 
form  of  the  volume  pulse. 

Nitroglycerine  has  been  shown  to  cause  a  conspicuous  increase  in  the 
size  and  pointed  quahty  of  the  volume  pulse  in  the  arm.^  In  order  to 
compare  the  effects  of  this  drug  with  those  of  epinephrin ,  two  experiments 
were  made.  In  one,  001  gr.  of  nitroglycerine  was  placed  under  the  tongue 
during  a  reaction  to  epinephrin  and  in  the  other  a  similar  amount  was  given 
alone.     A  summary  of  the  results  of  these  experiments  is  given  in  Table  II. 


Effect  of  nitroglycerine  administered  under  the  tongue.     Case  9,  epinephrin.  and  nitroglycerine  ; 
Case  10,  after  nitroglycerine  alone. 


Dose, 

Time 
after 
admiu. 

Bluod  pressure. 

Vascular 
sounds. 

I'ulse. 

Pulse 
rate. 

Syst. 

Diast. 

Pulse. 

Pointed 
quality. 

Volume 
of  pulse. 

9 

001 

Before* 

122 

70       '       52 

+  ± 

+ 

c.e. 
0o3 

80 

6    min. 

108 

80              28 

± 

+  +  + 

101 

92 

19     „ 

108 

80              28 

± 

+  + 

0-80 

84 

2i     „ 

110 

78              32 

± 

+  + 

0-72 

76 

10 

001 

Before 

104     1       80 

24 

± 

±        ,      0-51 

58 

14  min. 

90            80 

1 

16 

± 

+  +  +         0-83 

70 

*  Before  nitroglycerine  and  30  minutes  after  epineplu-iii. 

Pulse  tracings  of  the  first  experiment  are  shown  in  Fig.  2.  In  the  instance  in 
which  the  nitroglycerine  was  given,  during  a  reaction  to  epinephrin  (Case  9), 
there  was  a  prompt  decrease  in  vascular  sounds  and  pulse  pressure  and  an 
increase  in  the  size  and  pointedness  of  the  pulse  over  that  which  had  already 
beencau.sed  by  epinephrin.  In  the  experiment  in  which  nitroglycerine  alone 
was  given  {Case  10)  there  was  a  drop  in  systohc,  diastohc  and  ])ulse  pressure, 
along  with  much  increa.se  in  the  volume  of  the  pulse  and  in  its  pointed  quahty, 
the  vascular  sounds  remaining  unchanged. 
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The  action  of  tyramin  on  the  circulation  in  the  arm  may  be  mentioned 
here  for  comparison  with  the  action  of  epinephrin  and  nitroglycerine. 
Hewlett^  found  that  intramuscular  injections  usually  caused  an  increase  in 
pulse  pressure,  an  increase  in  pulse  volume  and  a  less  pointed  form  of  pulse 
wave.     These  were  accompanied  by  an  increase  in  the  vascular  sounds. 

Table  III  summarises  the  usual  effect  of  these  three  drugs  upon  the 
vascular  sounds,  the  pulse  pressure  and  the  volume  pulse  in  the  arm.  It 
shows  that,  so  far  as  these  drug  effects  are  concerned,  an  increase  in  the 
loudness  of  the  vascular  sounds  is  associated  with  an  increase  in  pulse 
pressure  rather  than  with  changes  in  the  form  or  size  of  the  volume  pulse 
in  the  arm.     Nitroglycerine,  which  causes  no  increase  in  loudness,  hkewise 


TABLE  III. 

Effects  of  epiiiephrin,  nitroglyceniie  and  tyramin. 


Drug. 

X'asciilar  soiuids. 

Pulse  pressure. 

Pulse  size. 

Pulse  fonn. 

Epinephrin 

Increased 

Increased         | 

I 

Increased 

1     More  pointed. 

Nitroglycerine 

Unchanged      1 

Unchanged  or 
diminished 

Increased 

{ 

More  pointed 

Tyramin 

Increased 

Increased 

Increased 

Le.'ss  pointed 

causes  no  increase  in  pulse  pressure  ;  while  tyramin  and  epinephrin  cause  an 
increase  in  both  the  pulse  pressure  and  the  loudness  of  the  sounds.  An 
increased  volume  of  the  pulse  is  accompanied  either  by  no  increase  in  sounds 
(nitroglycerine)  or  by  an  increase  (tyramin  and  epinephrin).  Finally,  a  more 
pointed  pulse  form  is  accompanied  either  by  no  increase  in  the  loudness 
(nitroglycerine)  or  by  an  increase  (epinephrin) ;  while  a  less  pointed  pulse  may 
be  accompanied  by  louder  sounds  (tyramin). 


Conclusions. 

1.  A  typical  epinephrin  reaction  is  accompanied  by  an  increase  in 
the  loudness  of  the  sounds  heard  during  the  auscultatory  determination  of 
blood  pressure. 

2.  The  correlation  of  the  changes  in  sounds  with  the  changes  in  pulse 
pressure,  while  not  perfect,  is  better  than  the  correlation  between  the  changes 
in  sounds  and  the  changes  in  the  volume  pulse. 
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3.  A  comparison  of  the  effects  produced  by  epinephrin,  nitroglycerine 
and  tyramin  likewise  shows  that  the  correlation  of  changes  in  vascular 
sounds  with  changes  in  pulse  pressure  is  more  exact  than  the  correlation 
with  changes  in  pulse  form  or  pulse  volume. 

4.  It  is  inferred  that  these  drugs  influence  the  vascular  sounds  more 
through  their  effect  on  the  systohc  output  from  the  heart  than  through  their 
effect  on  the  blood  vessels. 
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Fig.  1.  Pulse  tracings  from  Case  1.  First  tracing,  before ;  second,  1  minute  after ;  third,  (i  minutes 
after;  fourth,  66  minutes  after;  anft  fifth,  82  minutes  after  admiiiistration  of  epinephrin. 
Blood  pressures,  vascular  sounds,  and  form  and  size  of  jnilse  waves,  corresponding  to  those 
tracings,  are  shown  in  Table  I.  It  will  bo  noted  that  the  increase  in  form  and  size  of  pulse 
wave  shown  in  the  second  tracing  was  not  accompanied  by  an  increase  in  vascular  sounds- or 
pulse  pressure. 

Fig.  2.  Pulse  tracings  from  Ca^-e  9.  First  tracing,  before  :  .second,  30  minutes  after  epinephrin. 
Last  tracmg,  9  minutes  after  nitroglycerine  and  41  minutes  after  epinephrin. 


A     CASE     SHOWING     RAPID     VENTRICULAR     RHYTHM     WITH 
PERIODS   OF   AURICULOVENTRICULAR  DISSOCIATION. 

By  A.  W.  HEWLETT. 

{From  the  Department  of  Medicine,  Stanford  Medical  School.) 


In  auriciiloventricular-  dissociation,  the  auricles  and  ventricles  beat 
independently,  each  with  its  own  rhythm.  Most  cases  of  dissociation  are 
due  to  complete  heart  block.  The  conduction  of  impulses  from  auricles 
to  ventricles  is  interrupted,  or,  at  any  rate,  very  markedly  delayed.  The 
amount  of  delay  necessary  to  produce  dissociation  depends  in  part  upon 
the  automatic  ventricular  rate.  When  this  rate  is  rapid,  an  independent 
ventricular  rhythm  is  more  readily  estabUshed  as  a  result  of  delayed 
conduction.  If  the  ventricular  rate  exceeds  the  sinus  rate  and  conduction 
in  the  reverse  direction  is  good,  the  rhythm  of  the  entire  heart  is  governed 
from  the  lower  centre.  Rhythms  of  this  type,  arising  from  the  lower 
portion  of  the  A-  V  node,  have  been  described  repeatedly.  If,  on  the  other 
hand,  reverse  conduction  is  poor,  dissociation  may  result  even  when  forward 
conduction  from  auricles  to  ventricles  is  relatively  good.^^  A  rapid 
ventricular  rhythm  may  therefore  favour  the  development  of  dissociation 
(a)  in  partial  A-  V  block,  and  (6)  where  response  of  the  whole  heart  would 
require  V-A  conduction. 

In  the  following  case  the  ventricular  rate  frequently  exceeded  the 
auricular  rate.  When  this  occurred  the  auricles  usually  responded  to  their 
own  pacemaker,  complete  cUssociation  being  the  result.  Conduction  between 
auricles  and  ventricles  was  impaired  ;  but  evidence  wiU  be  submitted  for 
the  behef  that  it  was  not  abohshed.  The  periods  of  dissociation  were 
occasioned  on  the  one  hand  by  a  rapid  ventricular  rate  and  on  the  other  by 
impaired  conduction. 

Case  history.  Mr.  E.  R.  S.,  75  years  old,  entered  the  cUnic  at  Lane 
Hospital  on  May  the  3rd,  1922,  complaining  of  shortness  of  breath.  The 
patient  stated  that  he  had  suffered  from  inflammatory  rheumatism  in  1872, 
and  sciatica  off  and  on  for  30  years.  He  had  had  frequent  sore  throats  during 
the  winters,  particularly  during  the  past  few  years.  In  1917,  and  again  in 
1919,  he  had  been  treated  in  the  hosijital  for  iritis. 
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The  patient  had  noticed  some  shortness  of  breath  for  about  six  years. 
This  had  become  more  marked  during  the  preceding  six  months,  and  had 
been  particularly  troublesome  for  a  few  weeks.  During  these  weeks  he 
had  coughed  up  considerable  sputum,  had  developed  slight  swelling  of  the 
feet  and  had  suffered  precordial  pain  on  exertion. 

Physical  examination  showed  enlargement  of  the  heart  with  a  regular 
rhythm  of  75  per  minute.  At  times  the  heart  sounds  were  clear,  at  other 
times  an  inconstant  blowing  diastolic  murmur  was  heard  at  the  apex.  This 
was  probably  caused  by  auricular  systole.     The  blood  pressure  was  175-110. 

Dissociation  with  rapid  ventricvlar  rate.  Many  electrocardiograms  were 
taken  on  various  occasions.  The  ventricular  complex  always  showed  a 
widened  Q.E.S.  (012  second)  and  in  general  it  suggested  a  lesion  involving 
the  left  branch  of  the  His  bundle.  P  was  always  upright  in  lead  /,  and  with 
one  exception  it  was  always  upright  or  diphasic  in  leads  //  and  ///.  Many 
of  the  tracings  showed  auriculoventricular  dissociation,  auricle  and  ventricle 
beating  regularly  and  at  different  rates.  In  nearly  all  of  these  the  ventricular 
rate  was  more  rapid  than  the  auricular  rate  (Fig.  3)  ;  thougli  on  one  occasion 
the  reverse  was  true  (Fig.  4).  Reference  to  Table  I  shows  that  the  ventricular 
rate  varied  from  66  to  96,  except  when  it  was  accelerated  by  atropin. 

It  is  well  known  that  in  complete  dissociation  the  ventricles  usually 
beat  regularly  at  a  rate  of  30  to  35  per  minute.  Rates  above  60  per  minute 
are  very  uncommon.  A  number  of  rej^orted  clinical  examijles  of  complete 
dissociation  with  ventricular  rates  in  excess  of  60  have  been  collected,  and 
are  given  in  Table  II.  It  is  noteworthy  ( 1 )  that  in  most  instances  dissociation 
with  a  rapid  ventricular  rate  was  a  transient  and  not  a  permanent  condition, 
and  (2)  that  in  many  instances  drugs,  and  particularly  those  of  the  digitahs 
series,  appeared  to  play  a  part  in  its  production. 

In  the  present  case  the  dissociation  recurred  over  a  long  period  of  time ; 
it  was  not  dependent  upon  the  administration  of  drugs,  and  the  constant 
deviation  in  the  form  of  the  ventricular  complex  seemed  to  indicate  a 
structural  lesion  in  the  ventricles.  Presumably  a  structural  lesion  was  also 
present  in  the  main  stem  (  A-  V  node)  of  the  conducting  system. 

A-  V  conduction.  In  Table  I  it  will  be  noted  that  at  times  the  auricles 
and  ventricles  beat  at  the  same  rate.  At  such  times  the  ventricular 
contractions  always  occurred  shortly  before  the  auricular  contractions. 
This  regular  succession  of  ventricular  and  auricular  contractions  suggested 
an  excitation  of  the  auricles  from  a  rhythmic  centre  lying  on  the  ventricular 
side  of  the  A-  V  node,  a  suggestion  supported  in  only  one  set  of  tracings  by 
inversion  of  P  in  lead  111  (Fig.  5).  In  all  other  records  (Fig.  6),  P  did  not 
differ  in  form  from  that  present  when  dissociation  was  clearly  present, 
several  transitions  being  recorded  from  dissociation  to  the  rhythm  under 
discussion.  For  this  reason  we  conclude  that  in  most  instances  the  auricular 
contractions  which  regularly  followed  the  ventricular  contractions  originated 
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TABLE    I. 

Hates  of  auricles  and  ventricle.s. 


Date, 
1922. 

Ventricular 
rate. 

.\viriciilar 
rate. 

Kei  narks. 

May  -tth 

79 

79 

PR  =  0-48.0-52  of  a  second. 

May  5th 

66 

78 

78 

Dissociation. 
Ventricles  irregular. 

May  6th 

74 

74 

P-R  =  0-48-OOOof  asecond. 

May  8th 

84 
88 

73 

71 

Dissociation. 
Dissociation. 

May  9th 

7G 

70 

P-R  =  0-60  of  a  second. 

May   11th 

96 

73 

97 

Before  atropin. 
After  atropin. 

May   13th 

88 
107 

70 

78 

Before  atropin. 
After  atropin. 

Sept.    1st 

83 

83 

Reversed  rhythin. 
R-P  =  0-28  of  a  second. 

Sept.  8th 

84 

71 

Dissociation. 

Sept.    15th 

75 

72 

Dissociation. 

Sept.  22nd 

77 

64 

After  digitalis. 

Sept.  27th 

75 

75 

Digitalis  continued. 
P-R  =  0-60  of  a  second. 

Oct.  2nd 

71 

53 

Digitalis  continued. 

Oct.  6th 

75 

58 

Digitalis  continued. 

Oct.    18th 

88 

62 

Digitalis  discontinued. 

Oct.  23rd 

91 

01 

in  the  centre  which  governed  auricular  activity  during  tlie  periods  of 
dissociation.  Tliis  regular  succession  of  ventricular  and  auricular  systoles 
was  too  enduring  and  too  frequently  rejjeated  to  be  attributed  to  coincidence. 
Two  explanations  might  be  offered  for  the  observation  that  in  this 
patient  many  periods  occurred  when  the  auricles  and  ventricles  beat  at  the 
same  rate  and  in  definite  sequence.  According  to  one,  the  ventricular 
contractions,  through  mechanical  or  nervous  influences,  may  have  so 
accelerated  a  lagging  auricular  rate  as  to  cause  the  auricular  contractions 
to  fall  at  a  regular  interval  behind  the  ventricular  contractions.  That 
such  acceleration  is  possible  has  been  shown  by  Wilson  and  Robinson^^  and 
by  others,  who  observed  that  in  complete  heart  block  the  auricular  contraction 
that  follows  a  ventricular  systole  may  be  a  Uttle  premature.   According  to  the 
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TABLE    II. 

Cases  of  dissociation  with  ventricular  rates 


of  GO  per  minute. 


Author. 

Ventricular 
rate. 

Auricular 
rate. 

Duration. 

Remarks. 

Christiiiii 

64 

100 -f 

Transient 

Digitalis. 

Christian 

70 

99 

Transient 

Digitalis. 

Corter  . . 

72 

Congenital. 

de  Haas 

78 

108 

Transient 

Atropin  eSect. 

Heard  and  Cohvell     . . 

67-103 

79-107 

Intermittent 

Partly  but  not  entire- 
ly due  to  digitalis. 

Hewlett  and  Barringer 

108 

101 

Terminal 

Digitalis. 

Hunt 

64 

120 

Loa 

75 

Fibrillating 

Digitalis. 

Lewis   . . 

80-90 

Fibrillating 

Digitalis. 

Mackenzie 

70 

Fibrillating 

Digitalis. 

Routier 

63-93 

100-108 

Transient 

Rheumatic  fever. 

White 

96 

67-85 

Transient 

Peritonsillar  abscess. 

White 

Over  65 

43 

Digitalis. 

Windle              

50-63 

88 

Persistent 

No  digitalis.  Amyl 
nitrite  did  not  ac- 
celerate   ventricles. 

other  explanation,  the  ventricles  were  responding  to  stimuli  received  from 
the  auricles.  This  explanation  requires  the  assumption  of  a  slow  conduction 
time  (PR  =  0-4S-0-60  of  a  second).  The  latter  explanation  is  confirmed 
by  the  premature  ventricular  beats  which  in  some  records  occurred  rather 
frequently  during  the  periods  of  complete  cUssociation.  In  every  instance 
these  premature  ventricular  beats  were  preceded  at  an  interval  of  about 
0-60  of  a  second  by  a  P  wave  (Fig.  7).  At  times,  then,  during  the  periods 
of  dissociation,  the  ventricles  responded  to  stimuH  coming  from  the  auricles. 
That  they  did  not  continue  to  respond  was  due,  not  to  the  high  degree  of 
A-  V  block,  but  to  the  fact  that  the  ventricular  rate  was  more  rapid  than  the 
auricular  rate.  Before  the  next  auricular  stimulus  reached  the  ventricles 
they  had  responded  to  their  own  pace-maker.  This  they  continued  to  do 
until  another  auricular  stimulus  reached  them  at  a  time  when  they  were 
able  to  respond.  White"  has  reported  two  similar  observations,  in  which, 
during  dissociation  with  the  ventricular  rate  exceeding  the  auricular  rate, 
occasional  premature  ventricular  beats  arose  from  impulses  coming  from  the 
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auricles.  In  one  of  these  cases  the  conduction  from  auricles  to  ventricles 
was  good,  in  the  other  somewhat  delayed. 

When  in  our  patient  the  automatic  ventricular  rhythm  was  slower 
than  the  auricular  rhythm,  a  regular  sequence  of  auricular  and  ventricular 
beats  usually  occurred,  but,  owing  to  delayed  conduction,  P  of  one  heart 
cycle  fell  on  or  near  T  of  the  preceding  cycle.  Only  on  one  occasion  was  a 
complete  dissociation  recorded  in  which  the  auricular  was  more  rapid  than 
the  ventricular  rate  (Fig.  2). 

Reverse  conduction  from  ventricles  to  auricles  was,  as  a  rule,  so 
depressed  that  the  auricles  failed  to  respond  to  the  ventricular  pacemaker 
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Fig.  1.  Effect  of  iiijectiiig  1/.50 grain  atropiii  sulphate,  May  11th,  1922.    Abseissje  iiidicatb minutes; 
ordinates  the  rates  of  auricles  (below)  and  ventricles  (above). 


when  the  latter  was  tlie  more  rajjid.  Under  these  circumstances,  complete 
dissociation  was  the  rule.  A  single  exception  to  this  rule  was  observed.  On 
this  occasion  the  inverted  P  suggested  a  control  of  the  entire  heart  by  the 
ventricular  centre  (Fig.  5). 

Vagus  effects.  The  ventricular  rhythm  in  this  patient  was  very 
susceptible  to  vagus  influences.  Pressure  on  either  vagus  in  the  neck  caused 
a  definite  slowing  of  the  ventricular  rate,  while  the  injection  of  atropin 
caused  its  marked  acceleration.     After  each  of  two  injections,  the  ventricular 
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rate  increased  sooner  than  the  auricular,  reaching  its  maximum  at  a  time 
when  the  auricular  rate  had  only  begun  to  rise  (Figs.  1  and  2).  Evidently, 
in  this  patient,  atrojjin  released  the  centre  governing  the  ventricular  rate 
before  it  released  the  centre  governing  the  auricular  rate.  This  recalls  the 
observation  of  Wilson,"  who  found  that,  between  ten  and  twenty  minutes 
after  the  injection  of  atropin  in  normal  young  men,  there  was  a  tendency  for 
an  A-V  rhythm  to  appear,  and  that  this  tendency  disappeared  when  the  full 
atropin  effect  had  become  manifest.  Wilson's  suggestion  that  atropin 
released  the  A-  V  node  before  it  released  the  sinus  node  is  supported  by  the 
present  observation. 
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Effect  of  injecting  1/50  gr.  atropin.  May  13th,  1922. 


The  effect  of  digitalis.  Digitalis  was  given  to  this  patient  on  two 
occasions.  On  May  the  4th  and  6th,  four  drachms  of  the  tincture  were 
given  within  thirty-six  hours.  No  definite  effect  on  the  cardiac  rhythm  was 
observed.  The  drug  was  again  given  from  September  the  15th  to  September 
the  27th,  at  the  rate  of  60  minims  daily.  After  this,  40  minims  were  given 
daily  until  October  the  18th.  As  may  be  seen  in  Table  I,  the  ventricular 
rate  was  not  markedly  influenced.  The  auricular  rate,  on  the  other  hand, 
was  definitely  depressed  ;  a  minimum  of  52  being  recorded  on  October 
the  2nd.  Evidently  digitalis  depressed  the  auricular  rate  more  than  it 
depressed  the  ventricular  rate.     This  differential  action  of  digitalis  upon  the 
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auricular  and  ventricular  rate  clearly  favours  the  development  of  disisociation, 
when  conduction  is  impaired  either  by  digitaUs  or  some  other  cause. 

Dropped  ventricular  beats.  On  May  the  13th,  before  and  during  the 
atroiiin  effect,  occasional  pauses  in  the  ventricular  rhythm  occurred  (Fig.  8). 
Comparison  of  these  pauses  in  several  tracings  showed  that  they  bore  no 
constant  relation  to  the  auricular  rhythm,  complete  dissociation  being 
present.  During  these  pauses,  the  interval  between  ventricular  beats  was 
always  somewhat  less  than  twice  the  normal  interval  between  beats. 
Presumably  each  pause  was  due  to  the  dropping  of  a  ventricular  beat, 
owing  to  a  block  of  the  impulse  coming  from  the  centre  which  governed  the 
ventricular  rhj'thm.    A  similar  observation  has  been  recorded  by  White. ^- 

Discvssion.  In  the  case  here  reported  the  automatic  ventricular  rate 
was  unusually  rapid.  This  was  apparent  in  all  tracings  that  showed 
dissociation  between  the  two  portions  of  the  heart.  Such  a  rapid  ventricular 
rhythm  suggests  that  the  pacemaker  for  the  ventricles  was  located  in  the 
A-  V  node  rather  than  lower  down  in  the  stem  of  the  His  bundle.  This 
suggestion  is  supported  by  the  conspicuous  effect  of  the  vagus  upon  the 
ventriciilar  rate  ;  for  it  is  known  that  rhythms  arising  in  the  A-  V  node  are 
very  susceptible  to  vagus  influences,  whereas  the  slow  ventricular  rhythm 
of  a  complete  heart  block  is  frequently  uninfluenced  by  the  vagus.  The 
early  release  of  the  ventricular  rate  by  atropin  also  corresponds  with  the 
observation  by  Wilson,  that  the  A-V  rhythm  is  I'eleased  before  the  sinus 
rhythm.  For  these  reasons  we  believe  that  in  this  patient  the  automatic 
ventricular  rhythm  was  probably  governed  by  the  lower  portion  of  the 
A-  V  node. 

In  the  presence  of  such  a  rapid  ventricular  rate  it  is  difficult  to  estimate 
the  degree  of  conduction  disturbance  between  the  auricles  and  ventricles. 
When  the  ventricular  pacemaker  possesses  a  high  automatic  rate  and  is 
ready  at  any  moment  to  assume  control,  ventricular  beats  do  not  drop  out, 
and,  with  complete  dissociation,  the  rapid  ventricular  rate  makes  the 
interpretation  of  all  records  cUfficult.  Under  these  circumstances  it  is 
necessary  to  rely  upon  the  A-  V  interval  in  estimating  the  conduction 
disturbance  between  auricles  and  ventricles.  We  have  presented  evidence 
which  indicates  that  in  this  patient  the  PR  interval  was  0-48-0-68  of  a 
second  in  duration  at  such  times  as  impulses  crossed  from  auricles  to 
ventricles.  Except  on  one  occasion,  reversal  in  the  mechanism  was  not 
observed. 

The  rapid  ventricular  rate,  together  with  the  disturbance  of  reversed 
conduction,  readily  explains  the  aviriculoventricular  dissociation  seen  in  this 
patient.  Had  conduction  been  good,  the  cardiac  rhythm  would  have  been 
controlled  either  from  the  auricles  or  from  the  ventricles  (  A-  V  node),  and 
only  in  the  periods  of  transition  from  one  to  the  other  rhythm  would  there 
have  been  transient  periods  of  dissociation.     But  the  hindrance  to  reversed 
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conduction  made  dissociation  possible  whenever  the  ventricular  rate  exceeded 
the  auricular.  Under  these  circumstances  the  ventricular  rhythm  remained 
independent  of  the  auricular  for  considerable  periods  ;  though  at  times  it  was 
interrupted  by  premature  ventricular  beats  excited  by  impulses  from  the 
auricles. 

Conclusions. 

1.  A  case  is  reported  in  which  a  high  automatic  ventricular  rate  was 
associated  with  impaired  conduction  between  auricles  and  ventricles. 

2.  The  ventricular  rate  was  very  susceptible  to  vagus  influences. 

3.  Atropin    increased    the    ventricular   rate    before    it   increased    the 
auricular  rate. 

4.  Large  doses  of  digitalis  depressed  the  auricular  rate  but  had  no 
depressing  effect  on  the  ventricular  rate. 

5.  Conduction  from  auricles  to  ventricles  was  not  interrupted.     When 
impulses  passed,  the  PR  time  was  markedly  prolonged. 

6.  Conduction  from  ventricles  to  auricles  was  so  poor  that  when  the 
ventricular  rate  exceeded  the  auricular  rate,  cUssociation  was  the  rule. 

7.  This  dissociation  was  interrupted  on  various  occasions  by  single 
ventricular  beats,  which  were  excited  by  impulses  coming  from  the  auricles. 
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Fig.  3.  Taken  May  8th,  1922.  Dissociation.  The  ventricular  rate  (88  per  minute)  exceeded 
the  auricular  rate  (71  per  minute).  In  all  figures,  abscissae  =  0-04  of  a  second,  ordinates 
=  10-'  volts. 
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Fig.    4.      Taken   May  .>th,    1922.      Lead     /.      Dissuriatioii.      The  aurn-ular  rate  (7.3   per  luiiiute) 
exceeded  the  veiitruular  rate  (0<>  per  minute). 
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Fig.  ■■).    Taken  Sept.  1st,  1922.     P  falls  regularly  on  T.     P  is  in\-erted  in   /  /  /  and  probalily  also 
in   7/  (compare  with  Fig.  4). 


OBSERVATIONS      RELATING      TO      SUBACUTE      INFECTIVE 
ENDOCARDITIS. 

Part  1.     NOTES  ON  THE  NORMAL  STRUCTURE  OF  THE  AORTIC  VALVE. 

Part  2.     BICUSPID  AORTIC   VALVES  OF  CONGENITAL  ORIGIN. 

Part  3.     BICUSPID  AORTIC  VALVES  IN  SUBACUTE  INFECTIVE  ENDOCARDITIS. 

By  THOMAS  LEWIS  and  RONALD  T.  GRANT.* 

(  University  College  Hospital  Medical  School.) 


Part  1. 
NOTES  ON  THE  NORMAL  STRUCTURE  OF  THE  AORTIC  VALVE. 

The  intimate  .structure  of  the  aortic  valve  has  been  examined  and  described 
in  detail  on  a  number  of  previous  occasions.  The  most  accurate  descriptions 
are  to  be  found  in  the  papers  of  Monckeberg"^  and  Dewitzkj''^^  both  of 
whom  worked  subsequent  to  the  introduction  of  stains  specially  displaying 
elastic  tissue.    The  layers  of  the  aortic  cusp  belong  to  three  categories. 

The  foundation  of  the  valve,  its  skeleton,  is  a  thick  layer  of  dense 
connective  tissue,  thrown  out  as  a  continuation  from  the  annul  as  fibrosusf 
which  surrounds  the  aortic  orifice  (see  Figs.  1  and  6).  This  fibrous  layer 
(Fig.  6,  F.L.)  runs  the  length  of  the  cusp  almost  to  its  free  margin,  and  is  the 
thickest  of  any  of  the  layers  of  the  valve.  J  It  is  clothed  on  its  sinus  side  by  a 
prolongation  of  the  intimal  layers  of  the  aorta,  and  on  its  ventricular  side  by  a 

*  Working  on  behalf  of  the  Medical  Research  Council. 

t  So  Dewitzky  describes  its  coiuiections,  and  with  this  we  agree  so  far  as  the  greater  part 
of  the  circumference  of  the  oritice  is  concerned.  Monckeberg  describes  it  as  continuous  with  the 
aortic  media.  The  difference  is  largely  descriptive.  Not  infrequently,  the  coruiective  tissue 
of  both  media  and  adventitia  are  prolonged  downwards  and  acquire  an  increased  density.  At 
a  lower  level  this  dense  connective  tissue  at  times  shows  a  line  of  separation,  which  may  be  inter- 
preted as  rejiresenting  a  cleavage  between  that  portion  of  it  which  unites  with  the  media  and  that 
tmiting  with  the  adventitia.  The  former  passes  into  the  fibrous  layer  of  the  valve,  the  latter 
constitutes  the  chief  part  of  the  amiulus.  Usually,  however,  a  line  of  cleavage  is  not  seen,  a 
single  mass  of  den.se  connective  tissue  occupying  the  angle  of  the  cvisp's  attachment  being 
continuous  above  with  the  connective  tissue  of  the  media  only,  and  sending  the  fibrous  layer  as  a 
prolongation  into  the  cusp. 

J  The  thickest  except  at  the  valve's  attachment. 
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prolongation  of  the  layers  of  the  ventricular  endocardium.  On  the  .sinus  side 
the  covering  is  thin,  so  that  the  fibrous  layer  lies  nearer  to  the  sinus  of  Valsalva 
than  to  the  ventricular  cavity  ;  the  covering  layers  are  endothelium,  a  very 
thin  subendothelial  layer  of  connective  tissue,  a  fine  sheet  of  elastic  laminae 
(s.e.)  and  a  thin  layer  of  connective  tissue  constituting  a  subelastic  layer. 
The  layer  which  is  to  be  emphasised  for  our  purposes  is  the  elastic  sheet 
(sinus  elastic  layer),  for  it  is  rendered  conspicuous  by  special  elastic  stains, 
and  is  traced  without  difficulty  and  without  break  from  the  aorta  to  the 
margin  of  the  cusp.  On  tlie  ventricular  side  the  layers  are  a  good  deal 
thicker ;  they  are  endothelium,  an  easily  distinguished  subendothehal 
layer  of  connective  tissue  {V.Se.),  a  layer  of  several  strong  elastic  laminae 
(F.e.)  and  a  subelastic  layer  of  connective  tissue  {8.).  Each  of  these  layers 
is  a  direct  continuation  of  the  corresponding  layer  clothing  the  ventricular 
wall,  and  is  prolonged  onwards  towards  the  cusp  margin  without  break. 
The  elastic  layer  (ventricular  elastic  layer)  is  again  to  be  emphasised,  because 
of  the  ease  with  which  it  is  displayed  by  special  stains  and  its  distinctness 
throughout  its  course.  The  subelastic  layer  of  ventricular  connective  tissue, 
often  described  in  two  parts,  presents  a  notable  expansion  at  the  angle  of 
the  cusp's  attachment,  becoming  at  this  point  triangular  in  cross  section 
and  containing  small  blood  vessels.  This  triangular  expansion  at  the  base  of 
the  cusp  is  spoken  of  as  the  intermediate  layer  (/.),  or  "  Zwischenschicht  "  ; 
its  prolongation  into  the  valve  is  termed  the  central  layer  of  the  valve  {C.L.). 
This  brief  summary  of  the  valve  layers  suffices  to  bring  out  the  salient 
and  relevant  points.  More  remains  to  be  said,  however,  of  the  annulus 
fibrosus  and  of  its  relation  to  the  aortic  media.  We  have  been  unable  to  find 
a  description  of  the  annulus  and  of  its  limits,  sufficient  for  our  purposes. 
It  is  well  known  that  it  extends  around  the  whole  of  the  aortic  orifice,  that 
it  sends  a  fibrous  extension  into  each  aortic  cusp,  and  a  similar  extension 
into  the  aortic  flap  of  the  mitral  valve.  It  is  not  a  simi:)le  ring,  for,  as  it 
passes  around  the  aortic  orifice,  its  level  alters,  following  in  general  the  lines 
of  attachment  of  the  cusps.  This  change  in  the  level  of  its  borders  is  dis- 
played by  Fig.  1.  Tliis  figure  is  a  reconstruction.  A  normal  aorta  was 
opened  out,  fixed  in  this  position,  and  embedded  in  paraffin.  Serial  vertical 
sections  (15  micron)  were  cut  through  the  whole  of  the  specimen,  each 
tenth  section  being  stained  for  elastic  tissue  by  Weigert's  method,  and 
counter  stained  with  van  Gieson's  stain.  The  sections  were  projected  and 
separately  drawn,  and  the  diagram  of  Fig.  1  has  been  reconstructed  from 
these  drawings.  The  essential  points  in  the  outline  of  the  annulus  here 
shown  have  been  confirmed  by  single  sections  taken  through  a  number  of 
normal  cusps  at  suitable  points. 

Names  of  the  cusps.  The  three  cusps  of  the  aorta  are  differently  named 
by  different  writers,  according  to  the  view  taken  of  their  precise  anatomical 
positions.  The  cusp  from  which  the  left  coronary  vessel  usually  arises  lies 
most  anteriorly  in  the  body,  tliat  from  which  the  right  coronary  normally 
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springs,  lies  to  the  right  and  a  httle  behind  it,  and  almost  on  the  same  level 
as  the  cusp  which  is  usually  without  an  artery.  For  this  reason  the  respective 
cusps  are  often  named  the  anterior  cusp,  and  the  right  and  left  posterior 
cusps.  This  terminology  is,  to  us,  confusing,  especially  since  it  has  not  been 
adopted  umversally.  Though,  from  a  strict  anatomical  standpoint,  it  may 
be  less  sound,  we  prefer,  for  several  reasons,  to  term  the  cusps,  left  anterior, 
right  anterior,  and  posterior  ;  the  left  and  right  valves  being  named  to 
correspond  with  the  coronary  vessels  which  usually  arise  from  them,  and 
this  terminology  we  shall  retain  throughout  the  present  article. 

The  three  commissures  we  name  A,  B  and  C,  respectively ;  com- 
missure A  Mng  between  the  left  and  right  anterior  cusps  ;  B,  between 
right  anterior  and  laosterior,  and  C  between  posterior  and  left  anterior 
cusps  (see  Fig.  1). 
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Fig.  1.  A  diagram  of  the  structures  supporting  the  normal  aortic  valve  (2-3  times  natural  size). 
The  stippling  corresponds  to  the  aortic  media  ;  where  the  stippling  is  hea%"j-  the  media 
is  .superficial,  where  the  stippling  is  light  the  media  is  overlapped  superficially  by  annulus 
fibrosus.  The  unbroken  vertical  lines  map  out  the  annulus ;  where  these  lines  are  drawn 
thiid\  ,  the  annulus  is  overlapped  superficially  by  the  aortic  media  ;  the  broken  vertical  lines 
represent  extensions  of  the  annulus.  A  portion  of  the  line  D.E.  to  the  right  of  the  diagram 
has  been  lost  in  reproduction. 

A.F.  ^  annulus  fibrosus.  F.  V.  =  fibrous  layer  of  valve  at  its  base.  L.C.  and 
R.  C.  =  left  and  right  coronary  openings.  D.  E.  and  S.  E.  =  deep  and  superficial  ending 
of  the  aortic  media.  M.S.  =  membranaceous  septiun.  M.  V.  =  mitral  valve.  Drawn  by 
reconstruction  from  serial  sections. 


The  relation  of  the  annulus  fibrosus  to  these  cusjjs  and  commissures  is 
indicated  in  Fig.  1  by  the  area  shaded  by  vertical  lines  ;  the  media  of  the 
aorta  is  tlie  stippled  area.  The  black  band  {F.  V.)  represents  the  base  of  the 
fibrous  layer  of  the  valve.  The  ujiper  border  of  the  annulus  and  the  lower 
border  of  the  aortic  media,  end  in  the  same  lines  [D.E.  and  S.E.).  Super- 
ficially, the  line  {S.E.)  along  which  media  and  annulus  fibrosus  meet,  rims 
a  little  above  the  line  of  attachment  of  the  cusps  around  the  whole  aorta. 
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Actually,  the  distance  between  the  line  of  meeting  and  the  attachment 
of  the  cusp  varies  a  good  deal  in  different  hearts,  and  especially  is  this  the 
case  in  the  centre  of  the  cusp.  In  the  present  instance,  the  distance  is 
apjiroximately  a  millimetre  in  the  centres  of  the  cusps  ;  it  may  be  and  often 
is  more,  or  it  may  be  a  little  less.  At  the  sides  of  the  commissures  there  is 
usually  a  small  but  appreciable  interval,  though  the  elastic  layer  may  (as 
in  the  case  of  commissures  B  and  C  here  displayed,  almost  reach  the  cusp 
insertion.  The  deep  junction  of  media  and  annulus  follows  a  different 
Une  (D.E.).  In  the  middle  of  the  cusps  the  junction  hes  about  ^  to  1  mm. 
above  the  superficial  junction.  The  junction  is  a  bevelled  one,  the 
elastic  layer  being  prolonged  down  superficially  to  cover  the  annulus  for 
this  distance  (Fig.  6,  A.7n.).  At  the  commissures  this  arrangement  is 
reversed,  the  fibrous  amiulus  projects  upwards  to  form  an  extensive  triangle, 
lying  superficial  to  the  aortic  media.  Seen  in  section,  the  junction  is  again  a 
bevelled  one,  but  the  end  of  the  media,  as  it  thins,  now  lies  deep.  Thus,  the 
attachment  of  the  cusps  Hes  throughout  on  the  fibrous  tissue  of  the  annulus. 
In  the  centres  of  the  cusps  the  whole  bed  is  fibrous,  but  at  the  commissures  it 
is  fibrous  with  an  underUing  layer  of  thinning  elastic  media. 

The  lower  margin  of  the  annulus  is  less  defined  and  more  variable. 
In  general  it  runs  parallel  to  the  valve's  attachment,  coming  nearer  to  this 
attachment  in  the  middles  of  the  cusps  and  receding  from  it  at  the  com- 
missures. Opposite  the  posterior  cusp  it  is  continued  downwards  to  form 
the  fibrous  layer  of  the  mitral  curtain.  It  is  into  the  lower  margin  of  the 
annulus  that  the  muscles  of  the  ventricle  are  inserted  and  the  main  annulus 
(unbroken  hues  in  the  figure)  often  sends  downward  processes  between  the 
masses  of  muscle,  thereby  increasing  the  surface  of  insertion  (see  Fig.  6). 
One  of  these  processes  may  pass  for  a  Httle  distance  subendocardially,  and 
is  represented  in  Fig.  1,  under  commissure  A,  by  the  broken  exten.sions  of 
the  vertical  fines.  A  similar  extension,  though  free  from  muscle  insertion, 
helps  to  form  the  membranaceous  septum,  which  hes  immediately  below 
commissure  B.  In  connection  with  this  septum,  it  is  to  be  noted  that  it 
Ues  wholl}^  below  the  attachment  of  the  aortic  valve,  and  well  below  the 
lowest  penetration  of  the  elastic  media. 
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Part  II. 

BICUSPID  AORTIC   VALVES  OF   CONGENITAL  ORIGIN. 

A  condition  in  which  the  normal  three  cusps  of  the  aortic  valves  are 
replaced  by  two,  or  in  which  two  of  the  three  cusps  are  separated  by  a  low 
ridge  or  simple  frsenum,  has  long  been  known  to  occur  as  a  congenital 
condition,  and  is  commonly  regarded  as  a  rare  malformation.  Babes*  states 
that  he  found  it  but  7  times  in  10,000  autopsies.  This  figure  probably 
represents  the  defect  as  rarer  than  it  actually  is  ;  thus,  de  Vries'"'  found  12 
instances  in  3,600  autopsies  ;  we  have  foimd  it  three  times  in  215  consecutive 
postmortems*  in  which  we  have  specially  sought  for  it.  Lesions  of  the  kind 
described  are  to  be  found  in  considerable  numbers  in  past  reports  ;  we  have 
been  able  to  collect  116  such  cases^ '"  •'^  ;  of  these,  63  were  males,  20 
females,  and  in  23  the  sex  is  not  stated.  But  in  making  tliis  collection, 
difficulties  are  soon  encountered.  The  cliief  difficulty  is  to  apj)reciate  the 
reasons  why  individual  specimens  are  placed  in  the  congenital  category. 
Generally  speaking,  the  lesion  is  j)erfunctorily  described,  and  in  most 
instances  a  congenital  origin  is  assumed  without  apparent  hesitation  ; 
not  very  infrequently  it  seems  clear  to  us  that  a  congenital  origin  has 
been  assumed  when  the  evidence,  as  it  is  presented,  is  wholly  insufficient ; 
such  cases  have  been  excluded  from  our  lists.  In  a  number  of  cases  the 
evidence  appears  to  be  quite  definite  ;  yet  it  is  but  few  of  the  writers  who, 
in  their  published  accounts,  mention  that  cusps  may  be  fused  together 
consequent  on  later  but  healed  inflammatory  disease,  or  by  an  invasion  of 
a  commissure  by  products  of  degeneration,  such  as  calcareous  deposits.  This 
feature  of  the  records  is  notable  in  the  case  of  Peacock*-  '"  **,  who  wrote 
extensively  on  deformities  of  the  aortic  valves,  and,  so  we  tliink,  included, 
amongst  a  group  unquestionably  containing  true  examples  of  congenital 
malformation,  numerous  instances  in  which  fusion  in  postnatal  life  would 
seem  to  be  an  explanation  equally  or  more  satisfactory.  Now  our  purpose  in 
examining  this  question  of  congenitally  bicuspid  aortic  valves,  has  been 
to  attempt  to  define  those  criteria  by  means  of  which  a  valve  congenitally 
malformed  may  be  recogni-sed  as  such  with  certainty  in  adult  Ufe.  We  had 
hoped  to  find  these  criteria  in  past  writings,  but,  after  thoroughly  examining 
them,  came  to  the  opinion  that  the  story  had  not  by  any  means  been 
completed.  While  there  is  no  difficulty  in  obtaining  from  past  writings 
records  of  a  number  of  unquestionable  congenital  cases,  fully  satisfactory 
criteria,  whereby  a  malformed  valve  may  be  identified  in  adult  life,  and 
especially  where  such  a  valve  has  subsequently  become  the  seat  of  disease, 
have  not  been  found.  The  paucity  of  reliable  signs  is  in  large  part  due  to  the 
complete  neglect  of  histological  evidence.  At  a  later  stage  such  criteria 
as  have  been  used,  and  such  as  we  propose  to  add,  will  be  discussed  briefly. 


*  From  which  series  all  cases  of  subacute  infective  endocarditis,  a  disease  of  which  we  see 
an  unusual  number  of  instances,  have  been  excluded. 
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TABLE  I. 

Cases  of  bicuspid  aortic  valve,  conr/cnilal  in  origin. 


Author. 

Evidence  of  congenital  malformation. 

Description. 

1. 

Rauchfuss's 

Stenosis     of     aortic     isthmus ;  defective 
V.  septum,  etc. 

2  aortic  cusps. 

2. 

Liouville" 

Age  44  ;  obliteration  of  aorta  at  isthmus. 

2  aortic  cusps. 

3. 

Peacock^" 

Age  10  weeks.  Aortic  isthmus  constricted. 

U.  A.  and  P.  cusps,  and  also 

(Case  18) 

Persistent  ductus  Botalli. 

R.  A.  and  L.  A.  cusps 
iinited  by  fleshy  folds. 
Now  redescribed  in  detail 
(page  30). 

4. 

Legg"'' 

Age  20.   Obliteration  of  aorta  at  isthmus  ; 
vessels  arising  somewhat  abnormally. 

2  aortic  cusps. 

5. 

Goodliart'* 

Age  27.  Coarctation  of  aorta.  (Also  mitral 

B.  A.   and    L.  A.   adherent  ; 

stenosis  and  endocarditis.) 

tough  fibrinous  mass  at 
jimction. 

6. 

Honivmg^ 

Age  27.     Obliteration  of  aortic  isthmus. 

li.  A.  and  L.  A.  fused,  com- 

Aorta dilated  and  ruptured. 

mon  commissure  imperfect. 
Post,  cusp  the  largest. 

7. 

Dickinson  and 

Age  29.     Coarctation  of  aorta. 

2    cusps  ;      ant.   and   post.  ; 

Fenton''' 

coronaries  both  arise  from 
posterior. 

8. 

Kriegk^" 

Age  11.     Coarctation  of  aorta. 

2  well  formed  aortic  cusps. 

9. 

Sommerbrodt™ 

Age  40.     Coarctation  of  aorta. 

2  aortic  cusps.  The  one 
(L.  A.)  dilated  ;  the  other 
formed  by  union  of  Ji.  A. 
and  P.  cusps.  Much 
diseased. 

10. 

De  Vries" 

Age  3.    St«nosis  of  aortic  isthmus  ;    per- 

Probable union  of  7?.  A.  and 

sistent  ductus  Botalli. 

L.  A.  ;  a  low  ridge  separ- 
ates them.  Fresh  endo- 
carditis  present. 

11. 

Brettel" 

Age  17.     Stenosis  of  aortic  isthmus,  etc. 

R.  A.   and    L.  A.   fused,    a 

(Case  1) 

Aortic  anevu-isms  and  ruptiu-e. 

low  ridge  separating  them. 
Combined  cusp  the  larger. 

12. 

Rokitansky*' 

Newborn.  2  pulmonary  cusps  ;   F.  septum 

2  aortic  cusps  placed  ant.  and 

(S.  14,  C<tse  li; 

defective.   Anomalies  of  vessels. 

post.,  from  each  of  which  a 
coronary  artery  springs. 

13. 

Raudifuss''-' 

Age  3.    Defective  commissure  between  2 

2  aortic  cusps,  one  to  right 

pulmonary  cusps. 

and  one  to  left. 

14. 

Osier* 

8  months'  foetus.  2  pulmonary  cusps  and  1 

2  aortic  cusps,  one  placed  to 

(Case  7) 

rudimentary.      Defective  '  V.   septum. 

the  right  and  a  little  the 

and  abnormal  origin  of  vessels. 

larger,  divided  by  a  raph6  ; 
the  other  to  the'  left.  Rt. 
coronary  springs  from 
right  cusp. 

15. 

V.  Arx' 

Age  50.   2  i^ulmonary  cusps,  defective   V. 

2    aortic    cusps.       Calcified 

( Case  4) 

septum. 

vegetations,     perforation, 
etc. 
2     aortic     cusps     of     equal 

16. 

Tli6r6min« 

2   pulmonary   cusps.      Persistent   ductus 

(Page  159) 

Botalli. 

size,  one  in  front  and  to 
the  right,  the  other  behind 
and  to  the  left.  A  coronary 
springs  from  the  middle  of 
each. 

17. 

Tirard« 

Age  5  months.     Four  jjulmonary  cusps. 

2  aortic  cusps,   the  ant.    of 

V.  septum  patent. 

which  gives  off  both  coro- 
naries. 

18. 

Lochte'' 

Foetus,  Cor.  biloculare.  2  pulmonary  cusps. 

2  aortic   valves,    irregularly 

etc. 

formed. 

19. 

Sibbald" 

Age    10    months.       Pulmonary    stenosis. 

2   aortic   cusps.      Placed  to 

Defective    V.  septum,  etc. 

right  and  left. 
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TABLE  I.— Continued. 


Author. 

Evidence  of  congenital  malformation. 

Description. 

20. 

Bouillaud' 

Age   39.      Pulmonary   stenosis.      Absent 

2  aortic  cusps,  one  divided 

V.  septum,  etc. 

by  a  "  filet."  Placed  ant. 
and  post.  Cusps  much 
thickened. 

21. 

Monokeberg-" 

Age   3   days.      Abnormal   basal   vessels  ; 

Fusion  of   R.  A.  and   L.  A., 

left  ventricle  diminutive. 

and  of  R.A.  and  P.  cusps 
to  form  a  diaphragm. 
The  lines  of  union  marked 
by  ridges. 

22. 

Smith=s 

Age  5  hours.   Rudimentary  left  ventricle  ; 
pulmonary  artery  passes  into  descend- 
ing aorta. 

2  aortic  cusps. 

23. 

Dilg"- 

Age  2.    Subaortic  stenosis  and  persistent 

2  aortic  cusps,  one,  a  little 

left  sup.  cava. 

the  larger,  divided  by  a 
raphe  and  giving  origin  to 
both  coronary  arteries. 

24. 

Brettel" 

Age  4.    Persistent  superior  cava. 

2  equal  cusps,  no  subdivision; 

( Oo-se  8) 

each  gives  off  a  coronary 
artery.  Cusps  to  right  and 
left. 

25. 

Preisz'* 

StUlbom  ;    cyclops  ;    ductus  arteriosus  of 

2  cusps,  the  larger  in  front 

unusual  size.     V.  septum  defective. 

and  to  right,  the  other 
behind  and  to  left.  A 
coronary  arising  from  each. 
Almost  certainly  miion  of 
B.  A.  and  P. 

26. 

Preisz*' 

Age  4  dajs.      V.  septum  defective,  etc.. 

2  cusps,  the  larger  behmd 
and  to  left  is  divided  by  a 
small  aortic  ridge,  the 
other  in  front  and  to  right. 
A  coronary  arising  from 
each.    Union  of  L.  A.  &  P. 

... 

Hare-" 

Age  14  months.      V.  septum  defective. 

3  cusps  of  almost  equal  size, 
fusion  of  a  pair,  and 
partial  fusion  of  another 
pair. 

28. 

Obre» 

Age  6  weeks. 

2  aortic  cusps  equal  in  size, 
no  sign  of  subdivision. 
A  coronary  springs  from 
each. 

29. 

Quaur'" 

Age  6  months. 

2  aortic  cusps,  one  1-6  times 
the  size  of  the  other  shows 
evidence  of  subdivision 
and  gives  off  both  coronary 
arteries. 

30. 

Lloyd^-J 

Age  13  mouths. 

2  aortic  cusps.  One,  divided 
by  an  indistinct  ridge,  is 
double  the  size  of  other. 
Cusps  red,  rough  and  hard 
and  puckered. 

31. 

Great  Ormond 

Age  4  10;  12. 

2    aortic    cusps*    undivided. 

St.  Museum 

Almost  equal  in  size.     A 

{Case  209) 

coronary  artery  arising 
from  each. 

32 

Ditto 

Age  3. 

Fusion  of  R.  A.  and  P.  cusps, 

{Case  211) 

low  fnenum  separating 
them.  Divided  cusp  some- 
what the  larger. 

33. 

Ditto 

Age  3  1/3. 

Fusion    of    R.  A.    and    P. 

( Case  220) 

Probably  undividea.  The 
combined  cusp  somewhat 
the  larger. 

■  In  none  of  these  three  last  oases  was  there  more  than  a  little  thickening  of  the  malformed 


28  T.     LEWIS    AND    R.     T.     GRANT. 

One  method  of  approach,  not  yet  adopted,  is  to  sort  out  from  the  group 
those  cases  which  are  not  in  doubt,  namely,  instances  in  which  the  aortic 
defect  is  associated  with  other  congenital  malformations  of  the  heart,  and 
instances  occurring  in  very  yomig  children.  If,  for  the  last  purpose,  the  age 
limit  of  five  years  is  taken,  and  valves  diseased  or  extensively  thickened,  are 
excluded,  30  cases  are  on  record*,  and  to  these,  through  the  kindness  of 
Dr.  Wilfred  Pearson,  we  are  able  to  add  three  instances,  specimens  now 
in  the  museum  of  the  Great  Ormond  Street  Hospital.  The  relevant  infor- 
mation in  respect  of  these  33  cases  is  summed  up  in  the  previous  table 
(Table  I).  In  27  of  the  33  cases  other  congenital  anomalies  are  described. 
The  commonest  associated  malformation  is  constriction  or  coarctation  of 
the  aorta,  occurring  in  no  less  than  11  or  33  per  cent,  of  the  cases  (Cases  1-11). 
In  7  cases  the  pulmonary  valve  presented  a  simultaneous  anomaly  in  the 
division  of  its  cusps,  with  or  without  other  congenital  defects.  In  2  cases,  a 
pulmonary  stenosis  was  found  {Cases  19-20).  In  4  cases  the  basal  vessels 
showed  an  anomaly  of  development  (Cases  21-24):  in  3  cases  the  ventri- 
cular septum  wa.s  defective  (Cases  25-27).  In  the  last  6  cases  tabulated 
(Cases  28-33),  no  other  congenital  defect  is  noted,  but  the  age  was  imder 
5  years. 

If  we  are  rigid  and  confine  ourselves  to  this  material,  almost  the  sole 
information,  at  present  available  respecting  the  characters  of  congenital 
bicuspid  valves,  is  contained  in  the  last  column  of  the  table.  It  may  be 
summed  up  as  follows  : — 

Cusps  affected.  The  left  and  right  anterior  cusjis  were  united  in 
3,  and  probably,  in  6  cases,  the  right  anterior  and  posterior  in  4  cases, 
and  the  posterior  and  left  anterior  in  1  case.  In  2  additional  cases,  both 
the  left  and  right  anterior,  and  the  right  anterior  and  posterior  cusps 
were  united.  In  20  cases  it  is  impossible  to  state  wliich  cusps  were 
affected  ;  in  most  of  the  last  instances  the  valve  is  described  as  consisting 
of  2  cusps,  and  the  note  may  be  added  that  they  were  placed  to  right  and 
left,  or  anteriorly  and  posteriorly.  It  would  appear  from  these  figures  that 
fusion  is  most  frequent  between  the  right  anterior  and  left  anterior  cusps, 
a  conclusion  borne  out  by  further  observations  ;  but  it  is  by  no  means 
confined  to  these  two,  fusion  between  the  right  anterior  and  posterior  cusps 
being  almost  as  frequent. 

Subdivision.  Of  the  33  malformed  valves,  in  13  instances  a  ridge,  franum 
or  raphe  is  described  as  subdividing  one  of  the  two  cusps.  In  3  instances 
it  is  stated  that  there  was  no  subdivision  of  either  cu.sp,  in  one  in.stance  it  is 
stated  that  there  was  probably  no  such  subdivision  ;  in  16  cases  no 
statement  is  made,  though  we  may  infer  that  in  many  of  these  instances 
there  was  no  subdivision.  Thus,  in  about  half  the  cases,  possibly  more  than 
half  the  cases,  the  line  of  fusion  of  two  cusps  was  distinct ;  in  the  remainder 
there  was  no  subdivision. 


'  Patency  of  the  foramen  ovale,  if  accepted  as  evidence,  would  add  one  or  two  to  this  number. 
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Size  of  cusps.  Lastly,  it  is  clear,  from  the  notes,  that  there  may  be  in- 
equality in  the  sizes  of  the  malformed  cusps.  The  rule  appears  to  be  that 
a  partially  subdi\'ided  cusp  is  the  larger  of  the  two  ;  but  it  is  also  to  be 
gathered  that  it  is  not  twice  the  size  of  the  undivided  cusp. 

If  to  these  33  undoubted  congenital  cases,  we  add  the  remaining  83 
described  as  congenital,  and  almost  certainly  mainly  congenital,  we  obtain 
the  following  statistical  statements. 

TABLE   II. 

Freqiiency  of  cusps  affected. 


Fusi 

an  of 

L.  A.  and 
R.A. 

R.A.  and 
P. 

D ,        L.  A.  and 

^r*?'^          R.A. 
^-  -■^-        R.  A.  &  P. 

Unknown. 

33  congenital  eases  . . 

83  cases  (mostly  congenital) 

3(3)* 
27(7) 

4 

11  (4) 

1  j          2 

2  (3)               0 

20 
29 

116  cases 

30  (10) 

15(4) 

3(3)     '          2 

49 

One  cusp 
subdivided. 


Stated  to  be 
no  division. 


Subdivision 
not   mentioned. 


33  congenital  cases 

83  cases  (mostly  congenital) 


13 

54  (4)* 


3(1) 

7 


67(4) 


10(1) 


*  The  figures  placed  in  brackets  are  additional  eases  in  which  the  evidence  is  not  quite 
eoncluaive. 


The  combined  figures  serve  to  emphasise  the  frequence  with  which  the 
right  and  left  anterior  cusps  are  fused.  They  serve  also  to  stress  the  frequence 
with  which  partial  subdivision  of  one  cusp  is  discovered.  It  is  to  be 
remembered,  however,  that  the  combined  figures  are  to  be  regarded  broadly 
and  with  a  Little  reserve  ;  the  83  added  cases  are  almost  all  adult  cases,  and  in 
very  many  of  these  the  cusps  were  the  site  of  inflammatory  disease,  recent 
or  old,  or  of  gross  degenerative  change  :  nearly  all  were  thickened.  In  the 
notes  of  the.se  83  cases,  measurements  of  the  cusps  are  not  infrequently 
given,  and  the  conclusion  reached  from  the  33  congenital  cases  is  confirmed 
from  them.  Deteindre^^  sums  up  the  position  by  stating  that  the  sub- 
divided cusp  is  larger  than  1  normal  cusp,  but  smaller  than  2  normal  cusps  ; 
a  statement  wliich  is  borne  out  by  most  of  the  measurements  given. 

We  shall  next  describe  four  cases  of  our  own  in  some  detail. 
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Case  1.      Peacock's  case;     congenital  fusion  of  L.A.  and  R.A.,  and 

R.A.  AND  P.  CUSPS. 

This  heart  is  from  a  child  of  10  weeks,  described  by  Peacock,  and  figured 
by  liim  (Plate  viii.,  Fig.  1.)  in  his  "  Malformations  of  the  Heart."'*'^  This 
figure  is  an  excellent  reproduction  of  the  original  drawing,  which  is  in  the 
possession  of  the  City  of  London  Hospital.  The  specimen  is  now  in  the 
museum  of  the  Royal  College  of  Surgeons,  London.  The  aortic  valve  is 
described  by  Peacock  (page  152),  in  the  following  words  :  "  The  aortic  was 
much  larger  than  the  pulmonic  orifice  ;  and  there  appeared  to  be  only  two 
valves  at  its  aperture.  The  largest  of  them  was,  however,  obviously  formed 
by  the  fusion  together  of  two  of  the  segments."  His  figure,  which  illustrates 
the  specimen  from  the  same  angle  as  our  photograph  (Fig.  8),  shows  a  single 
large  and  distinct  cusp  to  the  left,  and  two  smaller  cusps,  fused  together,  but 
separated  by  a  deep  septum,  to  the  right. 

Through  the  kindness  of  Sir  Arthur  Keith,  we  are  able  to  redescribe  the 
specimen.  The  aorta  is  narrowed  down  from  the  point  where  the  innominate 
artery  leaves  it,  for  a  distance  of  7  mm.  beyond  the  origin  of  the  subclavian 
artery,  the  total  length  of  the  narrowed  portion  being  15  mm.  ;  the 
narrowing  is  considerable.  The  ductus  arteriosus,  which  is  not  shown  in 
the  figure,  is  widely  patent. 

The  first  portion  of  the  aorta  is  dilated,  and  the  aortic  valves  are 
deformed.  There  are  three  aortic  cusps,  and  these,  from  left  to  right  in  the 
figure,  are  the  left  anterior  {L.  A.),  the  right  anterior  (R.  A.),  and  the 
posterior  {P.).  The  coronary  arteries  spring  in  normal  fashion  from  the  first 
two  of  these  cusps.  The  three  cusps  are  equal  in  size,  and  not  unequal  as 
Peacock  figures  them.  Measured  along  the  borders  of  the  sinuses  of 
Valsalva,  from  the  beginning  of  one  commissure  to  the  next,  their  breadths 
are  9*5,  9*0  and  8'5  mm.  respectively.*  The  right  anterior  and  jjosterior  cusps 
are  united  (commissure  B)  as  stated  by  Peacock  ;  but  the  right  and  left 
anterior  cusps  are  also  united  (commissure  A).  The  cut  which  opens  the 
aorta  passes  near  to  the  union  of  the  posterior  and  left  anterior  cusps  (com- 
missure C),  leaving  the  end  of  the  posterior  cusp  attached  to  the  left  edge 
of  the  opened  aorta  (as  this  is  figured). 

The  left  anterior  cusp  is  a  Uttle  thickened  throughout  the  whole  of  its 
free  margin,  and  the  tliickening  extends  nearly  half  way  down  to  the  hne 
of  the  cusp's  insertion.  From  the  centre  point  of  the  cusp  the  free  edge  is 
more  conspicuously  thickened  into  a  fleshy  fold  (?/.),  which  passes  under  a 
similar  fleshy  fold  {rf.)  coming  from  the  right  anterior  cusp,  and  terminates 
in  the  corresponding  commissure  ( A).  This  commissure  starts  as  a  smooth 
ridge,  which  soon  divides  into  two  rounded  smooth  ridges  of  smaller  diameter, 
which  separate  as  they  descend  and  outUne  a  small  triangle  whose  floor  is 
filled  ;   it  is  into  the  under  surface  of  tliis  floor  that  the  fleshy  fold,  marking 

*  Measurements  subseciuently  stated  have  all  been  taken  similarly. 
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the  free  edge  of  the  left  anterior  cusp  is  inserted.  The  commissure,  from  the 
beginning  of  its  ridge  to  the  base  of  the  triangle,  measures  3  mm.  But  the 
two  cusps  are  united  for  a  further  distance  of  1"5  mm.  by  the  fleshy  fold 
from  the  light  anterior  cusp  ;  this  fold  passes  across  the  commissure,  and 
is  firmly  bound  to  it  and  to  the  fold  from  the  left  anterior  cusp,  and  ends 
by  being  iniserted  into  the  aortic  surface  of  the  left  anterior  cusp  a  httle  way 
past  the  free  margin  of  the  cusp.  The  right  anterior  cusp  is  much  tliickened 
along  its  free  margin.  In  its  centre  the  somewhat  irregular  fleshy  edge  has 
a  tliickness  of  1"5  mm.  The  tliickened  edge  is  continued  into  the  fold  which 
crosses  commissure  A,  as  previously  described.  There  are  also  irregular 
thickenings  on  the  floor  of  tlus  cusp  towards  commissure  B.  Tliis  com- 
missure begins  as  a  smooth  ridge  of  aortic  wall  of  about  5  mm.  extent  ;  it 
is  continued  for  approximately  3  mm.  further  as  a  sharper  and  narrower 
ridge  wliich  flattens  out  before  it  reaches  the  edge  of  the  valve  at  a  rounded 
incisure  (i).  Where  the  main  ridge  of  the  commissure  diminishes  in  breadth, 
just  above  the  cusp's  hne  of  attachment,  a  small  fold  (/)  runs  off  from  it  to 
be  lost  ill  the  irregular  tliickening  of  the  floor  of  the  right  anterior  cusp. 
The  commissure  is  depressed  below  the  levels  of  the  adjacent  valve  margins, 
so  that  the  two  cusps  tend  to  be  thrown  into  one,  though  partially  sub- 
divided by  the  irregular  central  floor. 

The  posterior  cusp  is  irregularly  thickened  throughout.  The  most 
prominent  tliickening  is  a  raised  patch  on  the  ventricular  side  near  its  centre. 
Its  free  margin  is  thickened  and  rounded  throughout  ;  its  thickness  is  a  full 
milhmetre  where  it  runs  into  commissure  B.  The  remnant  of  this  cusp 
attached  to  commissure  C  is  irregularly  thickened  at  its  edge.  Commissure  C 
is  not  fused,  its  abnormahty  consisting  solely  in  the  thickening  of  the  margins 
of  the  cusps  which  constitute  it. 

To  summarise,  scarcely  any  portion  of  the  aortic  valve  is  normal.  There 
is  conspicuous  thickening  of  the  valve  margins  throughout  their  extent,  an 
irregular  and  fleshy  tliickening.  Two  out  of  the  three  commissures  are 
united  for  a  considerable  distance. 

The  more  interesting  of  the  two  commissures  is,  perhaps,  commissure  A, 
where  the  edges  of  the  corresponding  valves  are  greatly  thickened  into 
smooth  intertwining  folds.  The  aiipearance  of  the  upjier  portion  of  tliis 
commissure  with  its  two  diverging  ridges,  suggests  that  these  ridges  may 
represent  what  would  become  in  normal  develoiiment  the  two  valve  margins  ; 
but  this  idea  is  not  borne  out  by  their  relation  to  the  actual  cusp  edges  ; 
for  the  ridges  are  not  continued  into  the  latter.  In  the  absence  of  a  microscopic 
examination  of  this  region,  no  more  can  be  said  than  that  the  commissure 
presents  a  gross  and  intricate  deformity,  the  details  of  which,  owing  to  the 
small  size  of  the  heart,  appear  to  have  escaped  Peacock's  notice.  It  is 
difficult  to  conceive  how  such  a  deformity  could  have  arisen  as  a  result  of 
inflammatory  disease  ;  its  appearance  strongly  suggests  an  error  in  the 
outgrowth  or  divi.sion  of  the  original  endocardial  cushions. 
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Microscopic  examination. 

This  specimen  has  an  historic  value,  and  we  have  not  felt  justified 
in  making  more  than  a  very  limited  liistological  examination  of  it. 
Two  small  portions  of  tissue  have  been  removed ;  a  small  square 
block  from  commissure  B  and  a  portion  of  the  remnant  of  the  posterior 
cusp  attached  to  commissure  C.  Commissure  B.  The  block  of  tissue 
includes  the  lower  portion  of  the  main  ridge  (r),  and  the  upper  portion  of  its 
continuation  in  the  narrower  ridge  with  the  fold  /.  The  incisions  which 
removed  this  block  of  tissue  penetrated  to  the  ventricular  surfaces  of  the 
cusps  below,  allowing  the  whole  thickness  of  the  cusps  to  be  examined. 
The  sections  were  cut  serially  through  the  whole  block  from  above  down- 
wards at  right  angles  to  the  main  ridge,  and  sections  were  stained  alternately 
with  haematoxylin  and  eosin,  and  with  Weigert's  elastic  stain.  In  the  upper- 
most of  these  cross  sections,  the  main  ridge  consists  chiefly  of  the  aortic 
media,  most  of  the  elastic  laminae  passing  almost  continuously  across  the 
ridge  ;  in  the  centre  of  sections  through  the  ridge,  the  horizontal  arrangement 
of  the  elastic  laminae  is  disturbed,  the  laminae  are  whorled,  and  many  more 
fibres  than  usual  are  seen  to  be  cut  in  cross  section.  Tliis  simple  whorling 
continues  in  the  ridge  to  a  point  nearly  5  mm.  below  its  origin.  The  dis- 
turbance increases  as  the  sections  are  further  followed  down  the  commissure, 
and  the  elastic  elements  become  sparser  in  the  next  millimetre  of  tissue. 
This  brings  us  almost  to  the  insertion  of  the  cusps.  The  aorta  media  becomes 
replaced  by  relatively  dense,  but  nucleated,  connective  tissue  wliich  shows 
the  same  type  of  whorUng,  the  deepest  lying  elastic  laminae  soon  being  lost 
altogether,  though  the  superficial  fibres  are  continued  almost  a  millimetre 
further.  Tliis  upward  projection  of  connective  tissue  into  the  media  of  the 
aorta  takes  place  in  a  fashion  the  reverse  of  normal ;  it  is  overlaid  by  the 
last  of  the  medial  elastic  tissue.  The  connective  tissue  is  a  projection 
from  a  larger  mass  of  similar  tissue  which  lies  at  a  lower  level  and 
clearly  represents  the  young  annulus  fibrosus.  In  brief,  the  arrangement 
of  the  media  and  fibrous  ring  in  the  ridge  differs  in  two  respects 
from  what  is  found  in  normal  commissures  ;  the  pure  connective  tissue 
of  the  annulus  terminates  in  the  commissure  at  an  unusually  low  level,  and 
secondly,  the  bevelled  union  between  the  media  and  annulus  is  reversed, 
the  superficial  ending  of  the  elastic  layer  coming  lower  down  than  its  deep 
ending. 

A  further  distinctive  character  begins  to  appear  at  a  lower  level,  namely, 
when  the  main  ridge  of  the  commissure  (r)  loses  its  breadth,  and  the  sub- 
sidiary fold  (/)  makes  its  appearance.  Near  this  level  the  sections  pass 
completely  througli  the  valve  cusps,  and  include  their  ventricular  surfaces, 
so  that  the  separate  layers  of  the  cusps  are  clearly  displayed. 

An  illustrative  cross  section,  the  position  of  which  is  displayed  by  the 
line  in  Fig.  8,  is  given  in  Fig.  9.  A  portion  of  the  aortic  media  is  shown 
to  the  right ;  it  is  the  termination  of  the  media,  the  convex  edge  of  which 
projects  downwards  into  the  sinus  of  the  right  anterior  cusp.     The  subsidiary 
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fold  (/  in  Fig.  8)  is  seen  directly  to  its  left  in  Fig.  9/ ;  this  fold,  in  fact,  marks 
the  lower  limit  of  the  aortic  media  in  the  sinus.  It  is  formed  of  a  ridge  of  the 
annulus  iibrosus  ( An. J.).  The  point  where  the  cusps  should  sepai'ate  is 
marked  by  the  narrowed  continuation  of  the  main  ridge  (r  in  Fig.  8)  ;  tliis 
ridge  is  seen  as  an  undercut  projection  in  the  section  (Fig.  9  r).  This  ridge 
lies  above  a  central  space  in  the  figure  ;  the  latter  is  the  normal  upward 
projection  of  the  ventricular  cavity  at  the  commissure.  The  commissural 
space  is  Uned  by  endocardium,  which  is  continuous  around  the  whole  space, 
and  consists  of  two  chief  layers,  a  conspicuous  layer  of  strong  wavy  elastic 
laminae  (F.e.)  and  superficial  to  tliis  a  tliickened  subendothelial  layer  (F.s.). 
On  the  upper  side  of  the  space  (in  the  figure)  these  two  layers  form  the 
ventricular  layers  of  the  fused  cusps.  The  cliief  layer  of  the  cusps  (/./.),  is 
continuous  with  the  annulus  fibrosus  ( An.f.),  and  corresponds  to  the  chief 
or  fibrous  layer  of  the  valve  in  normal  adults.  It  consists  of  densely  packed 
wavy  fibres  in  which  numerous  round  and  oval  nuclei  are  to  be  seen.  Its 
histological  details  are  very  similar  to  those  found  in  the  corresponding 
layer  of  the  cusp  in  the  child  at  birth  and  shortly  after  birth*.  More 
superficially  are  three  remaining  layers.  A  layer  of  open  meshed  connective 
tissue,  containing  numerous  spindle-shaped  nuclei,  the  nuclei  and  fibres 
being  arranged  for  the  most  part  horizontally.  This  layer  probably  represents 
the  normal  sinus  subelastic  layer.  Next  to  this  is  a  very  thin  laj^er  of  elastic 
tissue  (S.e.)  continuously  traced  across  the  whole  section  and  to  the  right 
into  the  superficial  elastic  layer  of  the  aorta.  It  corresponds  to  the  normal 
sinus  elastic  layer.  It  is  covered  in  turn  by  a  tliick  cushion  of  open  meshed 
connective  tissue  (S.s.),  whose  fibres  pursue  different  cUrections  and 
interlace ;  this  connective  tissue  is  richly  nucleated,  the  nuclei  being 
circular  in  cross  section,  large  and  oval  in  long  section,  and  surrounded  by  a 
scanty  protoplasm,  which  ends  in  proce.s.ses  continuing  into  the  fibres  of 
the  matrix.  Tliis  tissue  corresponds  in  its  structure  very  closely  to  foetal 
connective  tissue,  such  as  is  correctly  described  in  the  valves  of  the  foetus  by 
Dewitzky''!.  On  the  ridge  it  corresponds  to  a  much  thickened  sinus 
subendotheUal  layer  ;  to  the  sides  of  the  section  it  is  traced  as  a  much  thinner 
layer  which  covers  the  sinus  elastic  laj'er. 

Briefly,  the  distinguishable  layers  of  the  cusps  occur  in  the  following 
order  :  sinus  subendothelial  layer,  sinus  elastic  layer,  subelastic  layer,  main 
fibrous  layer,  ventricular  elastic  laj-er,  ventricular  subendothelial  layer. 
These  layers  are  the  normal  layers  of  the  valve,  and  each  of  these  layers  is 
continued  without  break  across  the  commissure.  There  is  no  evidence  of 
inflammation,  past  or  present.  These  observations  stamp  the  deformity  as  a 
congenital  malformation,  for  they  clearly  show  that  the  two  cusps  have  been 
laid  down  in  one  sheet  without  subdivision.  The  continuous  arrangement 
of  the  layers  across  the  commissure  is  in  sharp  contrast  to  what  is  observed 
in  cusps  which  have  fused  as  a  direct  consequence  of  an  inflammatory 
process,  as  wiU  be  seen  at  a  later  stage. 

*  A  statement  based  on  a  comparison  of  the  tissue  with  those  from  several  hearts  of 
children  of  the  same  or  similar  ages. 
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The  remnant  of  the  posterior  cusp  attached  to  the  commissure  C  was 
examined  histologically,  because  it  allowed  us  further  to  explore  the 
thickenings  of  the  valve  margins  in  this  case  without  unduly  damaging  the 
specimen.  In  the  sections  all  the  layers  of  the  cusp  are  well  displayed.  The 
thin  sinus  elastic  layer  is  distinct  ;  the  main  fibrous  layer  of  the  valve  is, 
perhaps,  a  little  thicker  than  normal  ;  it  is  constituted  of  tissue  elements 
identical  with  those  of  the  main  fibrous  layer  in  commissure  B.  The 
central  layer  of  the  cusp  is  well  developed,  as  is  also  the  ventricular 
elastic  layer.  The  last  is  covered  by  a  very  thickened  ventricular 
subendothelial  layer,  which  is  mainly  responsible  for  the  thickening 
of  the  cusp.  Some  of  this  thickened  layer  consists  of  rows  of  fibres 
arranged  parallel  to  the  margin  of  the  cusjJ,  none  too  compact,  aiid 
having  numerous  spindle  shaped  cells  carrying  well-developed  oval  nuclei  ; 
in  other  places  the  groundwork  of  fibres  is  more  meshed  ;  this  tissue  being 
identical  in  apjoearance  with  that  of  the  sinus  and  ventricular  subendothelial 
layers  at  commissure  B  (foetal  connective  tissue).  It  is  pervaded  by  very 
fine  and  scattered  elastic  fibres. 

These  sections,  and  those  at  commissure  B,  demonstrate  that  the 
tliickening  of  the  valve  cusjjs  is  due  to  an  excess  of  subendothelial  tissue 
(in  part  the  sinus,  and  in  part,  the  ventricular  layer)  ;  in  nature,  this 
thickening  is  distinct  from  what  is  found  after  inflammatory  disease  ; 
the  cellular  elements  and  their  arrangement  are  those  normally  found  in  the 
valves  at  or  about  the  time  of  birth. 


Case  2.     C!ongenital  fusion  of  R.A.  and  P.  cusps. 

For  the  second  case  to  be  described,  we  are  indebted  to  Professor  Elhott 
Smith.  The  specimen  is  one  which  has  been,  for  many  years,  in  the  ana- 
tomical museum  at  University  College,  and  no  details  of  the  patient's  liistory 
or  manner  of  death  are  available.  The  sj^ecimen  was  evidently  taken  from 
an  adult,  and  probably  from  a  middle-aged  or  elderly  subject.  A  photograph 
of  the  aortic  valve  is  shown  in  Fig.  14,  and  a  cross  section  of  the  basal 
arteries',  drawn  accurately  to  scale,  is  given  in  Fig.  4.  One  cusp  {L.  A.)  Uea 
to  the  left  and  in  front,  and  near  its  centre  is  the  oijening  of  the  left  coronary 
vessel ;  this  cusp  measures  31  mm.  The  other  cusp  {R.A.  and  P.)  lies  to  the 
right  and  behind,  and  from  its  anterior  portion  gives  origin  to  the  right 
coronary  vessel.  It  is  the  larger,  measuring  37  mm.,  and  shows, 
externally  or  internally,  no  trace  of  subdivision.  The  membranaceous 
septum  is  placed  opposite  the  centre  of  this  cusp,  and  its  lateral  limits*  are 
shown  in  the  diagram  ;  a  portion  of  this  septum  projects  upwards,  and 
appears  on  the  sinus  side  of  the  cusp.     From  the  anatomical  relations  of 

*  The  limits  of  tho  membrauaceoua  septum  were  fixed  by  holding  the  septum  to  the  light  and 
marking  off  the  translucent  area,  in  most  specimens  ;  in  cases  of  difficulty  the  limits  were  fixed 
by  means  of  serial  sections. 
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these  cusps  it  is  probable  that  the  smaller  represents  the  normal  left  anterior 
cusp  and  the  larger  the  right  anterior  and  posterior.  The  cusps  are  a  little 
thicker  and  therefore  less  translucent  than  normal  valves  in  all  their  parts  ; 
the  two  commissures  A  and  C  are  widened  by  separation  of  the  cusp 
attachments,  and  below  each  there  are  some  small  tliickenings  of  the 
endocardium  on  the  adjoining  sides  of  the  cusps. 

The  remainder  of  the  heart,  including  the  mitral  valve,  is  normal,  with 
the  exception  of  a  few  small  patches  of  atheroma  in  the  base  of  the  aorta. 

The  aortic  valve  was  opened  out  and  cut  in  serial  vertical  sections, 
each  tenth  section  being  stained  in  the  usual  fashion.  The  reconstructed 
diagram  is  shown  in  Fig.  2,  which  is  drawn  on  the  same  plan  as  Fig.  1.  From 
this  diagram  it  is  at  once  apparent  that  the  two  commissui-es  are  normal, 
architecturally.  The  smaller  cusp,  that  which  has  been  divided  in  opening 
the  aorta,  is  built  normally  throughout.  In  the  larger  cusp,  the  suiDerficial 
termination  of  the  media  follows  closely  the  line  of  the  cusp's  attachment, 
sweeping  smoothly  from  one  commissure  to  the  other,  and  approaching  very 
closely  to  the  line  of  attachment  at  all  points.  The  Une  of  the  deep 
termination  of  the  media  is  disturbed  at  its  centre  by  the  membranaceous 
septum,  which  projects  above  the  line  of  the  cusp's  attachment.  The  position 
of  the  septum  in  respect  of  level,  and  in  relation  to  lateral  land  marks,  is 
normal.  It  falls  inside  the  cusp,  because  the  normal  commissure  expected 
at  tliis  point  is  absent,  and  the  triangle  which  the  membrane  would 
naturally  occupy  is  included  in  the  full  sweep  of  the  combined  cusp's 
attachment. 

The  annulus  fibrosus  of  the  heart  is  throughout  thicker  than  normal  ; 
its  extent  in  an  upward  and  downward  direction  is  shown  in  the  figure.  Its 
upper  limits  are  modified  in  the  neighbourhood  of  the  membranaceous  septum 
to  correspond  with  the  lower  Hmits  of  the  aortic  media.  Thus,  it  extends 
higher  above  the  hne  of  the  cusp's  attachment  than  would  be  expected  in  a 
normal  cusp,  but  otherwise  it  is  related  to  the  media  in  the  same  fasliion  as  is 
the  normal  annulus  ;  that  is  to  say,  it  Hes  deep  to  the  overlapping  media. 

In  brief,  commissure  B,  of  this  aortic  valve,  is  wholly  lacking  ;  it  is 
lacking  because  the  aortic  media  has  come  to  occupy  in  this  region  an 
unusually  low  position,  so  low  that  it  largely  covers  the  membranaceous 
septum,  and  because  the  usual  upward  and  superficial  extension  of  the 
annulus  has  failed. 

Case  3.     Congenital  partial  fusion  of  B.A.  and  L.A.  cusps. 

F.  E.,  a  man  of  31  years,  was  admitted  to  hospital  in  July,  1922,  and  gave  the  following 
history  : — 

He  served  during  the  war  and  was  wounded  in  1916  in  the  leg  and  shoulder.  He  was 
discharged  from  the  army  in  January,  1918,  apparently  in  a  healthy  condition.  A  year  before 
admission  ho  was  treated  for  tuliercnlous  glands  in  the  neck  ;  for  some  months  he  had  coughed 
and  e.Kpectorated  a  great  deal  ;  during  a  fow  months  prior  to  admission,  hoarsene.ss,  pains  in  the 
throat  and  progressive  woaUnosw  had  lioen  noticed.  On  admimion,  he  was  found  to  he  suffering 
from  advanced  pulmonary  and  laryngeal  tuberculosis,  from  which  he  succumbed  in  three  weeks. 
The  heart  presented  no  signs  of  enlargement ;  the  heart  sounds  were  normal. 
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Pathological  changes. 

General.  An  emaciated  body.  The  lungs  are  covered  by  recent  lymph  ;  at  the  apex  of 
each  Ivmg  is  a  tuberculous  cavity,  and  the  rest  of  the  upper  lobe  on  each  side  is  involved  by 
caseous  masses  and  small  tuliercles.  The  lower  lobes  are  consolidated,  being  closely  studded 
with  small  grey  tubercles.  The  larynx  presents  early  signs  of  involvement.  Ileum.  There 
are  numerous  large  tubercular  ulcers  in  the  small  bowel.  The  kidntys  contain  a  few  small 
tubercles  in  their  substance.  The  remaining  abdominal  organs  are  normal.  The  heart  weighs 
272  grammes  and  the  pericardimn  is  healthy.  The  cavities  are  not  enlarged,  neither  are  their 
walls  thickened.  The  pulmonary  valve  is  normal ;  the  tricuspid  valve  shows  a  little  irregular 
nodular  thickening  at  its  margin.  The  aorta  is  normal,  with  the  exception  of  a  few  small  patches 
of  atheroma  collected  especially  aromid  the  border  of  one  sinus  of  Valsalva.  The  mitral  valve 
is  normal  but  for  an  area  of  thickening  presently  to  be  described,  and  but  for  a  few  small 
athermatous  patches  in  the  base  of  its  aortic  flap. 

The  aortic  valve  (Figs.  4  and  15)  is  abnormal,  the  right  {R.A.)  and  left 
{L.  A.)  anterior  cusps  being  fused  together,  though  subdivided  by  a  low 
ridge  (r,  Fig.  15).  The  undi\'ided  cusp  corresponds  to  the  posterior  cusp  (P) 
of  the  normal  valve,  and  measures  38  mm.  Tliis  cusp  is  not  only  of  unusual 
size,  but  its  line  of  attachment,  relative  to  the  mitral  valve,  is  increased, 
for  commissure  C  falls,  not  as  is  usual  near  the  centre  of  the  mitral  valve, 
but  opposite  its  margin  (see  Fig.  15).  The  ^^^dth  of  the  membranaceous  septum 
is  also  much  increased  ;  its  relation  to  the  cusps  is  shown  in  Fig.  4.  The 
combined  cusp,  similarly  measured,  is  of  40  mm.  extent,  equallj'  sub-divided 
by  the  sinus  ridge  ;  the  right  and  left  coronary  vessels  arise  from  the  two 
subdivisions  of  this  cusp. 

The  cusps  are  both  thickened  in  aU  parts  ;  their  margins  are  tliickencd 
irregularly  ;  other  irregular  Hnear  thickenings  are  to  be  observed  along  the 
lines  of  apposition  of  the  cusps.  Commissure  B  begins  as  a  j'ellow  smooth 
ridge,  6  mm.  long,  from  the  end  of  which  the  margins  of  the  cusps  spring. 
Commissure  C  is  sUghth'  adherent.  Upon  the  posterior  cusp,  near  its  junction 
with  the  left  anterior  cusp,  an  oi^aque  and  raised  area  of  irregular  thickening 
involves  the  body  of  the  cusp  and  extends  well  over  its  margin  of  attachment 
to  involve  the  aortic  cusp  of  the  mitral  (Fig.  15,/). 

On  section,  the  thickening  of  the  cusp  is  found  to  lie  almost  exclusively 
superficial  to  the  main  ventricular  elastic  laj-er,  and  to  involve  therefore, 
chiefly,  the  ventricular  subendothehal  layer.*  The  thickening  which  extends 
on  to  the  mitral  valve  is  similarly  related  to  the  valve  layers,  and  is  due  to  an 
increase  in  connective  tissue,  tliis  being  compact  and  relatively  sparsely 
nucleated,  and  heavily  invaded  by  fine  and  coarse  wavy  elastic  fibres  through- 
out ;  the  nuclei  are  for  the  most  part  flattened.  The  connective  tissue  forming 
the  most  superficial  layers  of  the  plaque  of  thickening  (Fig.  15,/)  is  alone  of 
rather  younger  appearance.  The  central  layer  of  the  cusps  is  well  developed 
and  somewhat  more  vascular  than  normal.  No  infiltration  is  seen  in  the 
cusps. 

*  An  early  degree  of  annular  sclerosis,  affecting  the  fibrous  layer  of  the  valve  at  its  attachment 
is  not  described,  as  it  is  almost  usual  in  a  man  of  this  age  (Monckeberg,  Dewitzky). 
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A  smooth  and  rounded  ridge  (r)  extends  from  the  margin  of  the  sinus 
down  to  and  well  on  to  the  combined  cusp.  The  length  of  tliis  ridge  from 
the  border  of  the  sinus  to  the  cusp's  attachment  is  14  mm.,  its  breadth 
about  2-5  mm.,  and  its  height  appro.ximately  1*5  mm..  On  the  ventricular 
side  the  combined  cusp  presents  a  distinct  triangular  break  in  the  otherwise 
continuous  sweep  of  its  Hne  of  attachment.  A  few  milUmetres  after  reaching 
the  level  of  the  apex  of  this  triangular  depression,  the  main  ridge  (r)  sends 
off  two  lateral  -processes  which  proceed  further  into  the  right  and  left 
cusps  (see  Fig.  1.5).  These  subsidiary  ridges  do  not  proceed  to  the  valve 
margin,  as  does  the  main  or  central  ridge,  but  turn  and  run  laterally  in  the 
cusps  and  almost  parallel  to  the  margins,  ending  somewhat  abruptly  about 
3  mm.  from  the  latter. 


Fig.  3.     (Case  4.)     A  diagram  of  the  structure  supporting  a  congenitally  defective  commissxire 
(5  times  natural  size).     Drawn  by  reconstruction  and  lettered  as  in  Figs.  1  and  2. 

R    =   main  ridge  representing  commissure  ;  over  the  area  of  thin  vertical  lines  and 
fine  stippling,  the  elastic  elements  of  the  media  are  whorled. 

The  ridge  was  excised  and  serial  sections  cut  of  it  horizontally  from  top 
to  bottom,*  sections  being  taken  at  regular  intervals,  mounted  and  stained. 
Fig.  3  is  a  reconstruction  of  the  region  of  the  main  ridge,  down  to  the  level 
of  the  cusp's  Une  of  attachment.  The  media  extends  almost  as  far  as  the 
cusp's  attachment  throughout  the  whole  region  of  the  ridge,  its  superficial 
termination  (S.E.)  running  parallel  to  the  line  of  the  cusp's  attachment 
{F.  v.).    Deep  to  this  elastic  media,  the  annulus  fibrosus  sends  a  broad  tongue 


*  Owing  to  the  manner  in  which  the  aorta  was  opened,  the  top  2  mm.  of  the  rid; 
included  in  the  serial  sections. 
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shaped  projection  upwards,  and  tliia  readies  a  point  3  mm.  from  tlic 
beginning  of  the  ridge.  Tlie  ridge  itself  contains  abundant  clastic  tissue 
except  over  a  short  part  of  its  course  immediately  above  the  attachment  of 
the  cusp,  but  the  arrangement  of  the  elastic  elements  here  cUffers  from  that 
seen  at  the  sides  of  the  ridge,  where  the  sections  show  uninterrupted  lamina^. 
In  the  ridge  the  elastic  elements  are  less  numerous,  and  become  less  and  less 
so  as  the  ridge  descends,  and  are  whorled,  many  fibres  being  cut  in  cross 
section.  Tins  whorling  is  continued  throughout  the  length  of  the  ridge 
to  the  S.E.  line  below,  and  is  seen  to  a  lesser  extent  for  a  short  distance  above 
the  deep  termination  of  media  (D.E.).  The  annulus  fibrosus  forms  the  deep 
layers  of  the  ridge.  Tlius  the  meeting  of  media  and  annulus  is  a  long  bevelled 
joint,  the  superficial  bevel  consisting  of  media,  while  the  deep  bevel  consists 
of  annulus.  The  relation  is  again  the  reverse  of  that  found  at  a  normal 
commissure,  but  is  the  same  as  that  found  in  the  centre  of  a  normal  cusji ; 
in  tlris  respect  the  specimen  resembles  commissure  B  of  Case  1.  It  resembles 
the  last  in  another  respect,  Jiamely,  in  the  long  continuation  of  whorled 
ela.stic  elements  in  the  main  ridge  ;  it  dilfers  from  the  last  in  the  unusual 
extent  of  the  reversed  overlap.  The  sections  falling  below  line  S.E.  show 
the  ridge  to  consist  of  a  simple  thickening  of  the  annulus  fibrosus.  Beyond 
the  level  of  the  combined  cusp's  attachment  the  serial  transverse  sections 
show  the  structure  of  the  cusp  from  the  line  of  its  attachment  to  its  margin  ; 
all  the  chief  normal  layers  of  the  cusp  are  intact.  The  central  jDortion  of 
such  a  section,  falhng  well  towards  the  valve's  margin,  and  including  the 
main  ridge,  is  shown  in  Fig.  11.  It  displays  the  expansion  of  the  fibrous 
layer  {f.l.)  to  form  the  main  ridge  (m.r.)  ;  it  shows  tliis  ridge  to  be  covered 
by  the  continuous  sinus  elastic  laj^er  (s.e.)  on  the  aortic  side  ;  and  by  an 
ill-defined  central  layer,  a  well-defined  and  unbroken  ventricular  elastic 
laj^er  (F.e.),  and  a  very  thickened  but  continuous  ventricular  subendothehal 
layer  {V.Se.)  on  the  ventricular  side. 

Apart  from  the  thickening  of  the  last-named  layer,  a  thickening  which, 
judging  from  its  high  content  of  fine  elastic  fibres,  and  its  relatively 
sparse  and  flattened  nuclei,  is  not  of  recent  origin,  no  sign  which 
can  be  interpreted  as  recent  or  old  inflammation*  exists  in  anj-  part  of  the 
sinus  or  cusp  portions  of  the  ridge  or  siuTounding  tissiie. 

The  abnormal  arrangement  of  the  tissue  layers  in  the  iU-formed  com- 
missure, and  the  continuity  of  the  layers  throughout  the  combined  cusp, 
stamps  the  defect  as  a  congenital  malformation  ;  for  it  is  clear  that  the 
tissues  have  been  laid  down  in  tliis  fashion,  as  it  was  clear  in  the  cases 
pre\'iously  described. 


*  The  thickening  of  the  ventricular  subendothelial  layer,  and  the  thickening  marked  /  m 
Fig.  15,  do  not  themselveB  imply  inflammation.  Such  thickenings  are  usually  considered  to  occur 
as  secondary  processes  in  aortic  valve  margins  which  fail  closely  to  adjust  themselves  ^j^^"  *"® 
v^lve  shuts  ;  they  are  the  rule  rather  than  the  exception  ip  specimens  such  as  that  descnted. 
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Tliis  specimen,  and  the  last,  may  be  viewed  together  as  illustrating 
separate  stages  of  the  same  type  of  arrested  devcloiament.  In  Case  2  there 
has  been  little  or  no  attempt  towards  the  formation  of  a  commissure  ;  in 
the  present  example  the  development  has  proceeded  a  little  way  before 
arrest  has  happened. 


Case  4.     Congetsital  PARTi.iL  fusion  of  R.A.  and  P.  cusps;    annular 

SCLEROSIS  OF  THE  VALVE. 

W.  C,  a  chimney  sweep,  aged  68,  was  admitted  to  hospital  on  November  the  20th,  1922, 
in  a  moribund  state.  He  had  suffered  from  shortness  of  breath  and  cough  for  eight  months, 
having  previously  been  healthy,  and  when  admitted  presented  signs  of  general  venous  stasis  and 
oedema,  a  right  jjleural  effusion,  enlargement  of  the  heart  and  HI)rillation  of  the  auricles. 

The  aortic  sounds  were  normal.  A  systolic  mmmur  was  heard  at  the  apex.  The  patient 
died  on  the  seventh  day  after  admission. 

Pathologicul  ch(iii(j(<. 

General.  tKdema  of  the  legs  is  present.  The  right  pleura  contains  several  pints  of  clear 
fluid.  The  abdominal  organs  are  congested.  Kidneys.  One  kidney  is  normal,  the  other  much 
reduced  in  size.     Both  are  finely  granular  on  the  surface. 

The  heart  weighs  406  grammes.  On  the  visceral  pericardium  of  the  right  ventricle  are  many 
large  milk  spots.  Both  ventricles  are  hypertrophied  and  dilated,  the  left  chamber  especially. 
The  left  auricle  is  dilated.  The  pulmonary  valve  is  large,  the  anterior  cusp  especially  so  (see 
Pig.  4).  The  attachments  of  the  cusps  show  very  early  annular  sclerosis,  and  the  noduli  are  a 
little  thickened.  The  Irictispid  valve  is  normal  but  for  some  age  thickening  of  its  margin.  The 
aorla  is  larger  than  normal  and  its  lining  presents  many  small  atheromatous  deposits,  accumulated 
particularly  along  the  borders  of  the  smuses.  The  coronary  vessels  arise  normally.  Tlte 
ventricular  .<ieplum.  Below  the  aortic  valves,  and  at  a  distance  of  3  centimetres  from  them,  a 
number  of  dense  endocardial  thickenings  occur.  These  are  circumscribed,  raised,  and  of  a 
cream  white  colour.  They  are  extensive  and  involve  much  of  the  septmn  and  of  the  endo- 
cardium .surrounding  the  anterior  papillary  muscle.  The  thickening  consists  of  dense  connective 
tissue,  pervaded  Ijy  minute  elastic  fibres  and  showing  no  sign  of  active  inflammation.  The  mitral 
valve  is  normal,  except  for  the  presence  of  a  few  superficial  atheromatous  deposits  on 
the  ventricular  aspect  of  its  aortic  cusp.  The  endocardium  of  the  left  auricle  is  opaque,  especially 
on  the  posterior  wall  of  the  auricle  ;  but  not  very  unusually  so. 

The  aortic  cusjjs  are  two  in  number  (Figs.  4  and  16).  One  cusp,  from  which 
the  left  coronary  vessel  springs,  hes  in  front  and  to  the  left,  and  represents 
the  normal  left  anterior  cusp  ;  it  measures  51  mm.  The  other  lies  to  the 
right  and  behind,  and  is  partly  subdivided  by  a  ridge  into  two  compart- 
ments, from  the  anterior  of  which  the  right  coronary  springs  ;  this  sub- 
divided cusp  measures  56  mm.,  and  represents  the  normal  right  anterior 
(27  mm.)  and  the  posterior  cusps  (29  mm.),  the  base  of  the  mitral  valve  being 
attached  to  the  latter  and  to  the  left  anterior  cusp. 

The  subdividing  ridge  starts  at  the  border  of  the  sinus,  but  is  only  just 
perceptible  for  the  first  8  mm.  of  its  course,  as  a  broad  and  smooth  elevation. 
It  then  increases  somewhat  abruptly  in  prominence,  and  is  continued  as  a 
dense  cord  of  whitish  tissue,  the  smooth  surface  of  which  is  broken  by 
calcareous  deposits  ;  at  its  origin  this  prominent  ridge  (Fig.  16r)  is  flanked 
by  two  broken  chains  of  whitish  calcareous  nodules.  These  chains  diverge 
a  little  when  the  cusp  is  reached,  and  are  carried  onwards  to  within  about 
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Case  2 


Ca5£4 


Case  3 


.  -i.  Natural  size  diagrams  of  the  liasal  arteries  in  three  cases  of  bicuspid  aortic  valve.  The 
drawings  are  to  scale,  though  the  margins  of  the  valves  are  represented  diagrammatically. 
The  pulmonary  artery  lies  above  and  the  aorta  below.  One  of  the  two  cusps  is  partially 
subdivided  in  Cases  3  and  -1.  The  subdividing  ridge  is  drawn  approximately  to  scale,  but 
is  represented  in  plan  and  not  in  section. 

.-1.  =  anterior  ;  L.P.  and  R.P.  =left  and  right  posterior  cusps  of  pulmonary  artery  ; 
L.C  and  B.C.  =  left  and  right  coronary  arteries  ;  M.S.  sliows  tlie  position  a:id  extent  of 
the  membranaceous  septum  relative  to  the  cusps. 


6  mm.  of  the  cu.sp's  margin.  From  the  border  of  the  sinus,  the  central  ridge 
has  a  total  length  of  25  mm.,  a  breadth  of  4  mm.,  and  a  height  of  about  (5  mm. 
in  its  centre  ;  it  reaches  the  insertion  of  the  cusp  20  mm.  from  the  start, 
proceeds  on  to  the  cusp,  and  falls  short  of  the  margin  of  the  combined  cusp 
by  about  8  mm.  Opposite  the  ridge  the  concave  line  of  the  cusp's  attach- 
ment is  broken  by  a  triangular  space,  the  floor  of  which  is  formed  by  a  very 
small  membranaceous  septum.  Both  cusps  have  tliickened  margins,  that 
representing  the  left  anterior  cusp  especially.  The  noduh  are  not  clearly 
distinguishable.  That  third  of  the  attachment  of  the  left  anterior  cusp, 
Mliich  forms  commissure  ..4,  is  exteusivelj'  calcified,  the  calcareous  deposit 
extending  a  few  miUimetres  into  the  cusp  itself,  and  an  equal  distance  into 
the  sinus.  This  deposit  is  seen  in  Fig.  ICrf  ;  a  calcareous  deposit,  similar  in 
position  and  extent,  is  present  in  the  attachment  of  the  right  anterior  cusp 
at  commissure  A  ;  the  lower  line  of  this  bar  of  calcareous  tissue  is  seen 
projecting  from  the  ventricular  surface  of  the  valve  at  /.  Similar  depo.sits 
occur  in  the  lines  of  attachment  of  the  cusps  forming  commissure  C,  and  one 
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of  these  is  clearly  shown  at  E.  The  serial  transverse  sections  of  the  first 
7  mm.  of  the  ridge,  representing  commissure  /?,  show  central  whorling  of  the 
medial  elastic  tissue.  By  the  time  the  ridge  increases  in  prominence  this 
whorled  area  extends  also  into  the  superficial  layers  of  the  media,  and  the 
elastic  elements  arc  becoming  sparser.  A  little  lower  the  deep  fibres  of  the 
media  are  thinning  out,  and  the  elastic  elements  are  lost,  superficially  and 
deeply,  at  about  the  same  level,  namely,  13  mm.  from  the  sinus  border  ;  there 
appears  to  be  no  distinct  overlap,  but  the  lines  along  which  the  elastic  elements 
end  is  confused  by  degenerative  changes  in  the  ridge  at  this  level.  Above 
this  level  (8  mm.  from  its  starting  point)  the  ridge  has  increased  in 
prominence,  and  here  the  first  calcareous  nodule  is  seen  to  he  in  the  most 
superficial  layers  of  the  whorled  media.  As  the  ridge  is  traced  lower,  hyaline 
and  calcareous  degeneration  invades  more  and  more  deeply  the  substance 
of  the  ridge,  whicli  is  now  composed  of  the  upward  extension  of  the  annulus 
fibrosus.  The  calcareous  deposits  lie  very  sujierficially  at  the  sides  of  the  ridge, 
and  give  rise  to  the  chains  of  nodules  previously  described.  Traced  lower, 
the  ridge  broadens,  but  the  same  essential  features  are  maintained  ;  the 
subsidiary  ridges  are  formed  by  the  annulus,  and  show  similar  degenerative 
changes.  At  the  level  of  the  cusp's  attachment  the  intermediate  layer 
("  Zwischenschicht  ")  is  unusually  developed  and  highly  vascular.  In  the 
cusp  itself  the  ridges  are  continued  in  the  same  form.  The  thickenings  are 
confined  to  the  fibrous  layer  of  the  valve,  which  extends  continuously  across 
the  whole  section,  and  is  covered  on  the  ventricular  side  by  uninterrupted 
subendothelial  and  elastic  layers,  and  by  a  central  layer  which  is  compressed 
opposite  the  main  ridge.  On  the  sinus  side  the  ridge  is  sheathed  by  an 
unbroken  elastic  layer.  The  degenerative  process  has  taken  place  on  the 
sinus  side  of  the  fibrous  layer  of  the  cusp  ;  a  protective  thickening  of  the 
sinus  subendothelial  layer  has  occurred. 

In  no  part  of  the  ridge  or  of  the  underlying  tissues  is  there  any  sign 
of  an  inflammatory  process. 

Thus  the  cusps  clearly  illustrate  congenital  fusion,  having  been  laid 
down,  originally,  in  their  present  form.  But  tlie  fused  commissure  has 
undergone  degenerative  changes,  as  have  the  remaining  commissures  in  tMs 
specimen,  and  these  degenerative  changes  are  of  the  characteristic  form 
described  by  Monckeberg^S,  and  Dewitzky'i,  as  constituting  an  advanced 
stage  of  annular  sclerosis. 

This  calcification  of  commissure  B  is  of  particular  interest,  because  it 
evidently  occurs  in  those  tissue  elements  which  correspond  to  the  annulus 
fibrosus  and  its  normal  extensions  ;  thus  linking  up  these  structures  in  the 
malformed  commissure,  with  corresponding  structures  in  normal  com- 
missures. For  it  is  the  ainiulus,  and  its  extension,  which  is  the  seat  of  this 
peculiar  form  of  degenerative  change,  a  process  almost  always  present  in 
some  degree  in  patients  of  40  years  or  over, 
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Part  III.     BICUSPID   AORTIC    VALVES    IN  INFECHVE  ENDOCARDITIS. 

INFLAililATURY   LXION  OF   CUSPS. 

When  an  adult  patient  dies  of  some  intercurrent  malady,  and  presents 
at  autopsy  two  regularly  concave  aortic  cusps  like  those  illustrated  hy 
Case  2,  there  would  be  little  hesitation  in  pronouncing  the  defect  to  be  a 
congenital  malformation  on  the  macroscopic  evidence  alone.  If,  in  a  similar 
case,  the  autopsy  displays  two  aortic  cusps,  one  of  which  is  divided  by  a 
ridge,  as  in  Case  3,  and  there  is  httle  further  abnormality  of  the  valves,  the 
opinion  might  be  ventured  again,  on  the  macroscopic  appearance  of  the 
specimen,  that  the  defect  originated  congenitally  ;  though  such  an  opinion 
would  be  ventured  upon  a  rather  insecure  basis.  But  if,  in  addition  to  a 
defect  of  these  types,  the  same  valves  manifested  .signs  of  severe  inflammatory 
disease,  a  decision  as  to  the  nature  of  the  bicuspid  deformity  would  neces- 
sarily become  precarious  in  very  many  instances.  When  we  first  became 
interested  in  the  contour- of  the  aortic  cusps  in  infective  endocarchtis,  became 
impressed  by  the  frequent  association  of  bicuspid  valves  and  began  to 
investigate  their  nature,  it  soon  became  apparent  that  they  might  be 
explained  in  one  of  two  wajs.  Either  these  valves  were  originally  bicusirid, 
and  had  subsequently  become  the  seat  of  an  infective  process,  or  they  were 
bicuspid  because  they  had  been  attacked  by  old  or  long-standing  inflamma- 
tory disease.  After  searcliing  past  records  and  attempting  to  collect  from 
these  such  criteria  as  would  satisfactorih'  enable  us  to  recognise  congenitally 
deformed  valves,  we  came  to  the  conclusion  that  the  criteria  then  available 
were  insufficient.  We  succeeded  in  finding  reports  of  bicuspid  valves  them- 
selves the  seats  of  severe  endocarditis,  and  often  interpreted  by  tlie  writers 
as  primarUj-  congenitally  deformed  valves.  But  the  conclusion,  though  very 
possibly  a  correct  one,  was  based  upon  evidence  of  an  insufficiently 
convincing  Idnd.  A  further  consideration  m-ged  us  to  a  more  detailed  studj- 
of  such  cases  than  had  previously  been  undertaken,  namely,  that  the  cases 
with  which  we  had  to  deal  were  cases  of  subacute  or  chronic  infective 
endocarditis.  For  in  this  disease,  as  has  become  known  in  recent  j-ears,  the 
formation  of  j^roliferating  vegetations  and  heahng  may  all  occur  in  one  and 
the  same  case,  if  not  in  one  case  at  a  given  time.  A  combination  of  these 
processes,  as  we  shall  presently  illustrate,  renders  it  theoretically  possible 
for  normal  valves  to  be  converted  into  bicuspid  valves  of  the  types  seen  in 
the  later  stages  of  this  disease  ;  and  until  we  could  deny  that  subacute 
infective  endocarditis  is  a  process  capable  of  complete  heahng — and  we 
are  not  yet  in  a  position  to  enter  upon  such  a  denial — the  possibihty  had 
to  be  borne  in  mind  that  certain  instances  of  bicuspid  valve,  found  apart 
from  active  endocarditis,  might  be  the  healed  products  of  such  an  infection 
long  since  cured.  In  this  relation  there  is  a  fact,  the  full  significance  of 
which  has  not  3-et  been  grasped,  namely,  that  subacute  infective  endocarditis 
may  have  a  duration  of  at  least  two  j-ears.    The  questions  which  we  regarded 
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as  pertinent  were  these.  If  given  valves  were  the  seat  of  vegetations  one 
or  two  years  ago,  what,  to-day,  represents  those  particular  vegetations  1 
Where  is  the  scar  tissue  to  wliich,  so  it  might  be  judged  from  inflammatory 
lesions  in  other  parts  of  the  body,  and  from  clots  in  the  lumina  of  vessels,  these 
vegetations  must  long  ago  have  been  reduced  ?  Is  it  not  possible  that  certain 
of  the  irregular  partitions,  standing  in  the  place  of  commissures  in  infective 
endocarditis  cases,  really  represent  commissures  ulcerated  and  subsequently 
healed  and  retracted  ?  In  seeming  support  of  this  possibility  we  observed 
several  cases  similar  to  those  now  used  as  illustrations. 

Case  5.     Inflammatory  partial  fusion  of  R.A.  and  P.  cusps. 

J.  N.,  a  carman,  aged  20,  was  admitted  to  hospital  on  November  the  17th,  1919,  diagnosed 
subacute  infective  endocarditis.  Except  for  an  attack  of  rheumatic  fever*  at  the  age  of  10,  lie 
had  always  been  healthy,  Ijut  had  only  ser\'ed  3  months  in  France  with  a  labour  battalion  when, 
m.  May,  1917,  he  began  to  suffer  from  breathlessness  and  giddiness  on  exertion.  He  continued 
his  duty  till  Maj',  1918,  and  then,  his  symptoms  progressing,  he  was  admitted  to  hospital. 
Ultimately  he  was  discharged  from  the  army  in  June,  1918,  on  accomit  of  lieart  trouble  ;  from 
that  date  until  his  admission  his  condition  gradually  became  worse.  On  admiision  he  showed 
signs  of  venoxis  congestion  with  enlargement  of  the  liver  and  congestion  of  the  lungs.  He  was  pale, 
the  spleen  was  enlarged  and  his  fingers  were  clubbed.  The  pulse  was  water-hammer  in  type,  the 
heart  moderately  enlarged,  and  a  to  and  fro  murmur  was  audible  at  the  base.  The  Wassermann 
reaction  was  negative  and  a  blood  culture  yielded  no  growth.  The  red  Ijlood  cells  numbered 
4,.520,000  per  c.mm.,  the  hicmoglobin  was  GO  per  cent,  and  the  colour  index  0'G6.  The  leucocyte 
count  was  4,300  per  c.mm.  Tlie  urine  contained  albumen,  casts  and  blood.  The  temperature 
remained  between  99°  and  101°  Fahr.,  the  cardiac  failure  progressed  and  the  patient  finally 
died  on  January  the  18th,  1920,  from  a  cerebral  eniljolus. 

Pathological  changes. 

The  lungs  are  oedematous  and  firmer  than  normal.  The  liver  and  kidneys  are  enlarged  and 
infarcts  are  present  in  the  spleen  (weight  42.5  granunes)  and  kidneys.  Sections  of  the  kidney 
show  numerous  partially  hyalinised  glomeruli.  The  basal  arteries  of  the  brain  are  healthy,  but 
one  inch  from  its  origin  the  left  middle  cerebral  artery  is  blocked  and  distended  with  a  grey  clot 
half  an  mch  long.  The  convolutions  surroundmg  the  lower  part  of  the  fissure  of  Sylvius  show 
softening.  The  heart  weighs  022  grammes  ;  both  ventricles  are  hypertrophied  and  dilated. 
The  valves  of  the  right  side  are  normal.  The  mitral  valve  shows  thickening  of  two  or  three  of  its 
chordiE,  and  a  few  small  vegetations  are  found  in  tlie  line  of  ap])Osition  of  the  cusps.  The  aorta 
is  normal  and  the  coronary  vessels  arise  normally. 

The  aoriic\Sk\ve  (Fig.  17)  has  been  heavily  attacked  by  disease.  There 
are  large  and  firm  vegetations  involving  especially  the  margins  of  the  right 
anterior  and  posterior  cusps.  These  portions  of  the  valve  margins,  which 
are  free  from  vegetations,  are  thickened,  smooth  and  rounded.  The 
vegetations  extend  along  the  margins  of  the  cusps  to  the  top  of  commissure  C, 
Commissure  B  is  formed  by  a  bar  of  tissue,  12  mm.  long  from  the  border  of  the 
sinus  to  the  separation  of  the  cusjjs  ;  it  is  2 "5  mm.  broad,  and  5*5  mm.  in  depth 
at  its  maximum.  Where  the  cusps  separate  at  this  commissure,  a  band  of  firm 
tissue  unites  them  and  partly  fills  the  triangle  (Fig.  1 76).  A  small  mass  of  vegeta- 
tion sits  on  this  bridge.  The  ridge  of  tliis  commissure  starts  a  considerable 
distance  above  the  sinuses  on  the  aortic  wall  (see  Fig.  17).    In  serial  sections, 

*  If  rheumatic  fever  or  chorea  is  not  mentioned  in  the  followmg  case  liistories,  it  can  be  taken 
definitoly  that  the  patient  had  no  knowledge  of  having  suffered  from  it. 
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begiruiing  at  the  border  of  the  sinus,  whorUng  is  akeady  conspicuous,  and  the 
elastic  elements  of  the  media  are  thinning  out.    Measuring  from  tlie  border 
of  the  sinus,  the  whorhng  and  thinning  of  the  media  continue  for  2*5  mm.  ; 
at  this  level  i^ure  annulus  fibrosus  replaces  the  superficial  layers  of  tlie  media. 
This  upward  projection  of  the  annulus  replaces  the  media  more  and  more 
until,  6'5  mm.  from  the  top  of  the  commissure,  the  elastic  media  disappears 
entirely  from  the  mid-line.     The  general  arrangement  of  the  tissues  at  the 
top  of  the  commissure  is  normal,  that  it  to  say,  the  annulus  sends  up  a 
notable  jjrotection  which  overlaps  the  media  superficially  and    forms   the 
base  from  wliich  the  ridge  springs.     In  sections,  at  various  levels,  the  two 
original  cusp  edges  can  be  identified,  each  showing  a  separate  main  fibrous 
layer,  and  each  a  separate  sheathing  by  elastic  laj'ers.      The  fusion  has 
occurred  by  an  inflammatory  union  of  the  two  ventricular  subendothehal 
layers  (as  in  Fig.  10)  ;    this  central  tissue  of  the  ridge  is  highly  vascularised 
and  infiltrated.     The  tissue  sheathing  the  two  cusf)S    and    welding  them 
into  a  single  smooth  edged  ridge  consists  of  connective  tissue,  of  which  the 
nuclei  are  numerous  and  somewhat  flattened.     As  the  sections  are  followed 
downwards  the  vascularity  of  the  tissues  increases,  the  connective  tissue 
appears  j^ounger  and  more  infiltrated,  until  finally  the  bridge  (Fig.  17/;)  is 
reached.    This  bridge  consists  of  connective  tissue  uniting  the  subendothelial 
layers  of  the  adjoining  cu.sps  ;   it  is  relatively  young,  consisting  of  a  fibrillar 
ground  substance  in  wliich  numerous  flattened  fibroblasts  are  seen  ;    the 
nuclei  of  these  fibroblasts  are  of  long  oval  form.     Commissure    A  consists 
of  a  smooth  and  rounded  bar  of  tissue  for  the  first  7  mm.  of  its  course  ;   its 
greatest  breadth  is  5  mm.,  its  greatest  depth  3*5  mm..    Below,  it  is  the  .seat 
of  ulceration,  though  the  tliickened  remnants  of  the  cu.sp  margins  are  still 
easily  traced  laterally.     The  triangle  is  filled  by  a  mass  of  sessile  vegeta- 
tions (F),  which  extend  down  the  ventricular  septum  for  some  distance,  and 
are  guarded  below   by  a   crescent   (s)   of  thickened  endocardium.     Serial 
sections  were  cut  through  this  commissure  and  through  the  septal  lesion 
below  it.     The   medial   elastic   fibres   are   whorled,    and   are   thinning   out 
superficially,  at  the  top  of  the  commissure.     They  are  gradually  replaced 
by  dense  fibrous  tissue,  sparsely  imcleated  ;    tliis  main  fibrous  mass  lies 
sui^erficially  to  the  aortic  media,  the  last  ending  0  mm.  below  the  top  of  the 
commissure  ;    it  is  covered   by   a  thick  sheathing  of  younger  connective 
tissue.     There  is  little  or  no  trace  of  the  original  layers  of  the  cu.sps  until 
the  lower  part  of  the  ridge  is  reached.    Here  the  evidences  of  active  inflama- 
tion  become  abundant  and  vegetations  are  encountered  in  the  sections.    The 
vegetations  on  the  septum,  like  tho.se  on  the  cu.sps,  are  mainly  confined  to 
the  subendothelial  layer,  which  is  greatly  thickened,  and  converted  into 
granulation  tissue  of  various  ages.    Fibroblasts  and  giant  cells  are  numerous 
in    the    vegetations  themselves  ;    traced  deeper,  the  connective  tissue  takes 
on  the  aiDpearance  of  greater  and  greater  age.     Tn  none  of  the  sections  of 
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Fig.  5.  Natural  size  iliugtiims  lo  scalo  of  (ho  )ias;il  artories  in  7  cases  of  c-ongeiiitnUy  blouspid 
aortic  valve  ( CWw  7-13),  aiul  of  1  oa<o  in  %duch  fusion  vva'-.  iM-obal)ly  iiiflainmatory  (C«.s-c  H). 
The  reference  letters  are  the  same  as  in  Pig.  4. 
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vegetation  could  organisms  be  found.*  Tlie  crescent  of  tliickened  endo- 
cardium {s)  consists  of  dense  and  rather  sparsely  nucleated  fibrous  tissue  ; 
the  tliickening  is  almost  confined  to  the  subendothelial  layer. 

These  two  disturbed  commissures  are  frank  examples  of  an  inflamma- 
tory process,  though  whether  that  inflammatory  process  was  purel}'  con- 
temporarj'  with  the  endocarditis,  found  at  death,  may  be  open  to  C|uestion. 
There  was,  in  this  case,  a  previous  liistory  of  rheumatic  fever,  and  the  fusion 
of  the  smooth  portions  of  the  commissures  may  have  been  of  many  years' 
standing.  A  final  decision  as  to  the  date  of  siich  lesions  cannot  always  be 
made  in  cases  of  subacute  infective  endocarditis  ;  for  the  full  course  of  the 
terminal  disease  is  usually  unknown,  and  the  presence  of  active  and  wide- 
spread inflammatory  changes  at  the  time  of  death  complicates  the  picture. 
Thus,  the  extent  to  which  the  older  connective  tissues  represent  healing  of  the 
infective  endocarditis,  must  often  remain  in  doubtj".  The  crescent  of  fibrous 
endocardium  below  the  septal  vegetations  suggests  a  healed  area,  on  which, 
perhaps,  vegetations  Avere  once  formed  ;  very  possible  that  has  been  the 
case,  but  it  is  a  conclusion  which  we  are  not  ready  definitely  to  draw.  That 
the  bases  of  the  vegetations  were  healing  at  the  time  of  death  is  obvious,  and 
this  is  compatible  \\ith  the  known  duration  of  the  malady.  There  is  one 
lesion  in  this  specimen  which  has  special  significance,  namely,  the  bridge 
of  tissue  at  the  bottom  of  commissure  B.  This  bridge  is  a  new  formation 
and  its  construction  must  definitely  be  regarded  as  contemporary  with  the 
last  illness. 

A  similar  bridge  of  new  tissue,  though  of  larger  dimensions,  has  been 
found  in  another  case  of  infective  endocarditis  (Table  VI,  Case  IC),  which  we 
do  not  illustrate  ;  the  specimen  was  taken  from  a  young  man,  whose  infective 
endocarditis  was  known  to  have  been  of  15  months'  duration.  The  commissure 
showed  inflammatory  fusion  throughout  its  length,  and  was  reduced  to  a 
rather  thin  raphe  between  the  two  adjoining  cusps. 

A  third  specimen,  relevant  to  our  present  argument,  is  illustrated  bj' 
the  following  case. 


*  In  this  instance  and  in  subsequent  case  reports,  this  statement  means  that  no  collections 
of  organisms  could  be  found  in  sections  stained  by  Gram's  method,  or  by  Murray's  method 
(dlh  Sc.  Rep.  of  Imperial  Cancer  Research  Fund,  1919,  2»rf  method),  although  tlie  vegetations  were 
extensively  explored. 

t  The  same  question  has  arisen  in  the  case  of  many  of  the  specimens  subsequently  to  be 
described  ;  usually  it  remains  imsolved.  It  may  be  possible  to  express  an  opinion  in  many 
instances,  but  unmistakable  evidence  is  not  often  to  be  obtained.  We  consequently  avoid  the 
question  for  the  time  being. 
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Case  (J.    Inflammatory  partial  fusion  of  L.A.  and  K.A.  cusps. 

E.  R.,  a  professional  soldier,  aged  3o,  was  admitted  to  hospital  on  January  the  22iid,  1919, 
diagnosed  subacute  infective  endocarditis.  Until  9  months  liefore  admission  he  had  always  been 
healthy  except  for  an  infection  with  syphilis  in  190G,  for  which  ho  had  full  treatment  m  the  army. 
He  then  began  to  suffer  from  shortness  of  breath  and  palpitation  on  exertion  with  headaches  and 
general  pains,  and  these  symptoms  had  since  gradually  become  worse. 

On  admission  the  patient  showed  signs  of  general  venous  stasis  with  enlargement  of  the  liver, 
oedema  of  the  shins  and  congestion  of  the  lungs.  Ho  was  pale,  with  a  brownish  discoloration 
of  the  skin.  The  spleen  was  palpable  and  hard  and  his  angers  were  slightly  clubbed.  The  pulse  was 
water-hammer  in  type,  the  heart  enlarged.  Systolic  and  diastolic  murmurs  were  heard  over  both 
apex  and  base.  The  Wassermann  reaction  was  negative,  but  a  blood  culture  yielded  a  growth 
of  a  short  chained  streptococcus.  Red  blood  cells  numbered  4,200,000  per  c.mm.,  haemoglobin 
stood  at  55  per  cent,  and  the  colour  index  was  0-65.  The  urine  contained  albumen  but  no  blood. 
Later,  he  also  complained  of  tender  finger  tips  and  of  a  red  painful  swellmg  ui  the  right  hypo  thenar 
emmence.  A  subungual  hajmorrhage  was  noticed,  ilis  temperature  remained  between  99" 
and  100°  Fahr.,  and  his  condition  gradually  became  worse  imtil  he  died  of  heart  failure  on  May 
the  19th,  1919. 


Patholngical  chunyes. 

(Kdema  of  the  feet  and  logs  is  present.  The  organs  are  generally  congested.  The  spleen 
is  enlarged  but  not  infarcted.  The  left  kidney  presents  a  small  old  infarct.  The  heart  is  a  iiitle 
enlarged.  On  the  aortic  flap  of  the  inilral  valve  is  a  patch  of  sessile  vegetation  (Fig.  18,  V)  and 
a  few  small  vegetations  are  found  on  the  bases  of  the  chordaj,  which  are  slightly  thickened  ;  other- 
wise this  valve  is  normal.  These  vegetations  are  well  organised  at  their  bases  ;  they  lie  chiefly 
in  the  suljendothelial  layer  of  the  valve,  but  the  ventricular  elastic  layer  has  been  broken  at  one 
place  and  the  subjacent  layers  invaded.  The  coronary  vessels  arise  normally.  There  is  a  small 
erosion  near  the  orifice  of  the  right  coronary  vessel,  and  this  is  surrounded  by  a  few  minute 
vegetations  ;    otherwise  the  aorta  is  healthy. 


'J'hc  aortic  valve  is  exten.sively  diseased  (Fig.  18),  firm  vegetations  being 
collected  mainly  on  its  ventricular  surfaces.  One  long  pedunculated 
vegetation  arises  from  the  margin  of  the  posterior  cusp.  Commissure  A  is 
represented  by  a  sohd  bar  of  tissue  9  mm.  long,  4  ram.  broad  at  its  widest, 
and  4"5  mm.  in  depth.  It  is  smooth  and  rounded,  and  contains  a  Uttle  cal- 
careous tissue.  In  the  lower  half  of  its  course  the  hues  of  the  cusps,  largely 
eaten  away,  are  easily  traced.  The  triangle  exists  as  a  depression,  but  its 
outlet  into  the  ventricle  below  is  completely  obstructed  by  a  concave  shelf 
of  very  firm  vegetation,  which  stretches  continuously  from  the  middle  of 
one  cusp  to  the  other.  The  apex  of  this  mass  of  vegetation  forms  the  most 
projecting  portion  of  the  valve.  It  is  particularly  to  be  noted  that  this  shelf 
of  vegetation  replaces  those  portions  of  the  adjacent  cusps  which  have  been 
destroyed,  and  that  the  line  of  the  left  anterior  cusp  margin  may  be  traced 
in  a  continuous  curve  through  the  margin  of  the  shelf  into  the  margin  of  the 
right  anterior  cusp.  In  other  words,  since  the  loss  of  the  commissural 
portions  of  the  valve,  a  new  valve  margin  has  been  formed  of  vegetation, 
which  fills  the  gap  and  produces  a  single  cusp  out  of  the  original  two.  Tliis 
combined  cusp  is  partly  subdivided  by  the  remnants  of  the  commissure.  No 
organisms  were  found  in  any  of  the  sections  taken  from  the  vegetations  in 
this  specimen,  although  streptococci  liad  been  grown  in  the  blood  culture 
three  months  jjefore  death. 
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Now  it  is  not  supposed  that  this  aortic  valve  as  it  stands  would  be 
mistaken  for  one  of  congenital  origin  ;  the  appearances  are  still  those  of  an 
inflammatory  lesion  ;  but  the  lesion,  as  the  histology  showed,  was  one 
progressing  far  towards  heaUng,  and  the  question  naturallj'  arises  as  to  what 
would  be  the  appearance  of  the  valve  at  a  later  stage  of  healing,  when  the 
commissure  itself  might  shrink  further  and  the  shelf  of  vegetations  be 
more  completely  and  smoothly  organised.  There  can  be  httle  doubt  that, 
macroscopically,  it  would  closelj^  resemble  a  congenitally  bicuspid  valve. 

The  microscopic  examination  of  this  commissure,  however,  reveals 
features  distinctive  fi'om  those  of  congenital  origin.  In  transverse  sections 
of  the  top  of  the  commissure  there  is  already  whorhng  and  thinning  of  the 
media  superficially.  The  media  is  rei^laced  superficially  by  annulus 
fibrosus  1  mm.  from  the  beginning  of  the  commissure,  and  wholly  replaced 
by  it  10  mm.  from  the  beginning.  In  early  sections  remnants  of  the  elastic 
layers  of  the  fused  cusps  are  distinct. 

A  central  vertical  section  through  the  lower  part  of  the  commissure 
is  shown  in  Fig.  13.  In  tliis  section  the  projecting  saddle  of  the  fused  com- 
missure is  seen  above  (C).  It  consists  of  old  fissured  fibrous  tissue,  covered 
with  a  tliin  and  broken  laj'er  of  elastic  tissue,  and  by  a  thick  and  recent 
layer  of  j'oung  connective  tissue,  composing  the  subendothelial  layer  (F.Ae.). 
This  young  connective  tissue  forms  the  base  of  small  heahng  vegetations  (T). 
The  fibrous  tissue  of  this  commissure  connects  up  with  annulus  fibrosus 
(A.F.),  wliich,  as  in  normal  commissures,  lies  sujjerficial  to  the  lower  end 
of  the  aortic  media  {  A.M.).  In  the  lower  part  of  the  section  the  base  of  the 
false  valve  (B.V.)  is  seen  in  cross  section.  Centrally,  this  consists  of  firm 
fibrous  tissue,  vascular  where  it  joins  the  endocardium.  Its  peiiphery  is 
more  nucleated,  consisting  of  young  but  firm  connective  tissue.  The  vegeta- 
tions, of  wliich  this  projection  formed  the  base,  are  not  shown  in  the  figure, 
having  been  cut  away  and  examined  separately.  The  connective  tissue 
elements  in  the  false  valve,  when  traced  frnther  towards  the  margin  of 
vegetation,  present  a  gradual  transition,  fibroblasts  becoming  more  and 
more  numerous  and  succulent.  The  base  of  the  false  valve  is  penetrated  bj' 
two  strong  leashes  of  elastic  fibres  (e),  and  is  continued  above  and  below 
into  the  ventricrdar  subendotheUal  layer  (V.se.)  of  the  endocardium.  The 
last  is  greatly  thickened  throughout,  being  converted  into  young  but  firm 
connective  tissue,  similar  to  that  seen  on  the  commissiu-e  and  on  the  peri- 
phery of  the  false  valve's  base.  The  ventricular  elastic  layer  (F.e.)  runs 
as  an  intact  laj'er  throughout  the  section  as  far  as  the  commissure.  The 
whole  of  the  tissue  Ij'ing  superficial  to  this  elastic  layer  is  a  new  formation, 
arising  out  of  the  endocarditis  ;  the  whole  of  it  is  to  be  regarded  as  repre- 
senting orgamsed  or  organising  vegetations. 

The  points  to  emphasise  in  this  specimen  are  several.  The  commissure 
has  all  the  aj^pearances  of  an  inflammatory  commissure,  the  upward  pro- 
jection of  the  annulus  is  extensive,  and  it  overlaps  the  aortic  media  normally. 
The  extent  to  which  the  vegetations  have  organised  is  notable  ;    they  have 
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healed  to  form  a  comij'ete  fibrous  shelf  crossing  the  triangle  of  the  com- 
missure and  uniting  the  centres  of  the  adjoining  cusps,  thus  forming  a  false 
valve  of  considerable  strength.  The  presence  of  elastic  fibres,  arranged  in 
distinct  layers  in  the  false  valve,  is  important.  Supposing  that  in  the  case  of 
a  large  cusp  there  is  doubt  as  to  whether  it  was  originally  laid  down  as  such, 
or  as  to  whether  its  central  portion  consists  of  new  tissue  formed  as  a  shelf 
or  bridge  between  the  convexities  of  two  adjoining  cusps  now  thrown  into 
one  ;  the  doubt  would  not  be  resolved  by  examining  the  central  portion 
of  the  cusp  for  elastic  elements,  for  they  would  be  found  in  both  circum- 
stances. The  question  is  to  be  solved  by  noticing  the  arrangement  of  the 
main  elastic  layers.  The  ventricular  elastic  layer  is  continued  beneath 
the  false  valve  as  a  continuous  sheet,  whereas,  in  the  case  of  the  true 
valve,  its  course  alters  as  the  cusp's  attachment  is  reached  ;  at  this  point  the 
layer  as  a  whole  tm-ns  into  the  cusp  to  form  one  of  its  principal  layers.  The 
false  cusp  is  purely  a  subcndothelial  appendage,  the  true  cusp  draws  its 
layers  from  all  layers  of  the  endocardium,  and  from  the  underlpng  annulus 
fibrosus  (Fig.  6). 

In  illustrating  the  microscopic  features  distinguishing  cusps  fused  by 
inflammatorj^  disease  we  use  for  the  most  part  cases  of  subacute  infective 
endocarditis  ;  but  attention  has  not  been  confined  to  such.  For  comparison, 
fused  cusps  from  a  variety  of  conditions,  including  those  arising  out  of 
rheumatic  endocarditis,  some  old  standing  and  some  more  recent,  have 
been  examined.  To  generaUse  from  our  evidence,  inflammatorj'  fusions  are 
recognised  from  the  following  criteria. 

(a)  In  recent  fusion,  by  the  presence  of  the  cellular  elements  of  active 
inflammation  and  increased  vascularity  of  the  parts  concerned.  In  old 
standing  fusion  by  the  presence  of  old  fibrous  tissue. 

The  presence  of  inflammatory  elements  does  not  serve,  however,  to 
distinguish  inflammatory  from  congenital  fusion,  for  commissures  of  the  last 
kind  may  subsequently  become  inflamed. 

(6)  In  inflammatory  fusion,  the  architecture  of  the  old  commissure  and 
cusp  edges  is  usually  clearly  to  be  distinguished.  That  is  so  because  the 
inflammation  is  mainly  confined  to  the  subendothehal  layers,  and  leaves 
the  remaining  layers  more  or  less  undisturbed. 

In  the  uppermost  of  serial  sections  through  commissures  fused  by 
inflammation,  the  medial  coat  of  the  aorta  continues  unbroken  behind  the 
commissure  (Fig.  7).  The  normal  upward  extension  of  the  annulus  lies 
superficially  to  tliis  and  into  it  the  superficial  elastic  fibres  of  the  media  radiate 
at  its  sides.  This  arrangement  is  to  be  compared  with  that  of  Fig.  12,  a 
congenital  union  in  which  the  extension  of  the  annulus  lies  behind  the 
medial  coat  of  the  aorta.  The  inflammatory  ridge  consists  of  fibrous  tissue  in 
which  remnants  of  the  commencing  cusp  margins  may  or  may  not  be  visible. 
Even  at  such  levels  there  often  exists  a  conspicuous  thickening  of  the 
subcndothelial  tissues  which  clothe  the  ridge 
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In  sections  taken  at  a  lower  level,  and  sometimes  tliose  taken  at  high 
levels  (as  in  Fig.  7),  unmistakable  remnants  of  the  original  cusjJs  are  seen  ; 
they  are  outUned  by  their  original  elastic  lamina;  (Fig.  10),  and  the.se  may  be 
intact  from  base  to  margin,  but,  usually,  are  more  fragmentary.  Each  cusp 
has  a  more  or  less  intact  and  separate  main  fibrous  layer. 

In  the  lowest  sections,  those  which  penetrate  the  ventricular  cavitj% 
the  ventricular  elastic  layers  of  the  fused  cusps  separate  and  become  con- 
tinuous on  the  two  sides  vaih  the  ventricular  elastic  laxev  of  the  endocardium. 
In  inflammatorj-  fusion  of  two  cusps,  the  tissue  adjoining  the  ventricular  cavity 
at  the  base  of  the  ridge  is  a  new  formation  (Fig.  10,  V .se.) ;  it  may,  and  usually 
does,  contain  new^lj'  formed  elastic  elements  (e),  but  these  do  not  constitute 
a  distinct  layer  or  one  which  is  continuous  with  the  clastic  layer  of  the 
ventricular  endocarcUum.  Such  an  arrangement  (Fig.  10)  should  be  com- 
pared with  that  illustrated  in  Fig.  9.  In  this  illustration  of  congenital  fusion, 
the  ventricular  elastic  layer  continues  unbroken  across  the  ventricular 
surface  of  the  combined  cu.sps,  and  sends  no  projections  forward  into  the 
ridge. 

ISSTANCES    OF   CONGENITAL   Fl\'^IOX. 

Case   7.      Conge>'ital   Fr.sio>'     of    L.A.    and     B.A.   cusps;      .subacute 

INFECTIVE    ENDOCARDITIS. 

.1.  51.,  a  camian,  aged  37,  wa.s  admitted  to  liospital  on  February  the  2Gth,  1920,  diagnosed 
subacute  infective  endocaiditis.  Up  to  tlie  autumn  of  1919  he  had  always  been  healthy,  and 
had  served  two  and  a  half  years  in  a  labour  corps  with  the  army  in  Fiance,  being  demobilised 
ill  September,  1919.  He  returned  to  his  work  as  a  carman  and  felt  quite  well  till  al)out  the 
beginning  of  October,  when  he  began  to  complain  of  shortness  of  breath  and  of  pain  over  the  heart. 
These  symptoms  gradually  increased,  and  before  admission  he  had  been  s%veating  profusely  at 
nights  and  had  suffered  from  a  cough. 

On  admission  lie  presented  signs  of  venous  stasis  with  enlargement  of  the  liver  and  congestion 
of  tlie  hmgs.  He  was  pale,  his  fingers  were  cluliljed  and  the  spleen  was  enlarged.  The  pulse 
was  water-hammer  in  type,  and  the  heart  moderately  enlarged.  A  to-and-fro  murmm-  was  audible 
over  the  base  of  the  heart  and  also  at  the  apex,  where,  in  addition,  a  diastolic  thrill  was  palpable.  Tlie 
Was.sermann  reaction  was  positive,  but  no  blood  cultm-e  was  made.  The  red  Ijlood  cells  nuniljered 
4,500,000  per  c.mm.  ;  the  haemoglobin  was  66  per  cent.,  and  the  colour  index  0-73.  The  leucocyte 
cotmt  was  9,450  per  c.mm..  The  urine  contained  neither  albumen  nor  blood.  The  temperature 
was  for  the  most  part  normal  with  occasional  rises  to  99°  or  100°  Fahr..  The  cardiac  failure 
progressed  with  the  development  of  ascites  and  adema  of  the  legs,  and  death  took  place  on  March 
the  I2th,  1920. 

Pdlhohxjkdl  clutiKjea. 

Bilateral  pleural  effusion  and  ocdematous  hmgs  are  found.  Tlie  li\'cr  is  enlarged  and  shows 
early  nutmeg  changes.  Two  small  scars  are  present  on  its  upper  surface.  The  spleen  weighs 
550  "grammes  and  contains  one  small  lecent  ii.farct  and  a  long  depressed  scar  from  old  infarction. 
Both  kidneys  show  several  scars  from  old  infarction  and  one  ana?niic  infarct  of  more  recent  date  ; 
sections  show  very  occasional  completely  hyalinised  corpuscles  and  small  areas  of  lymphocytic' 
infiltration.  The  /ifart  weighs  552  grammes.  The  ventricles  are  dilated  and  hypertrophied. 
The  valves  of  the  right  heart  are  normal.  The  mitral  valve  presents  one  sm.all  vegetation  on  its 
aortic  flap,  but  otherwise  is  quite  normal. 

The  chief  lesions  are  found  in  the  aortic  valve,  and  these  are  illu.strated 
in  Figs.  5  and  19.    The  right  and  left  anterior  cusps  are  thrown  into  one, 
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the  coronary  vessels  arising  from  its  margins.  Below  the  month  of  the 
right  coronary  artery  is  the  smooth  opening  of  a  sinus  aneurism  ( A'^),  about 
2  cm.  in  depth,  containing  laminated  clot,  and  burrowing  into  the  muscle 
of  the  infundibulum.  Sections  of  the  mouth  and  sac  of  this  aneurism  show 
firm  old-standing  fibrous  tissue,  diffusely  inflamed.  Below  the  orifice  of  the 
left  coronary  artery  is  a  second  aneurism  (.4^)  complex  in  outline,  paiily 
filled  with  clot,  and  projecting  into  the  space  between  aorta  and  left 
auricular  appendix.  Tliis  aneurism  has  a  tliick  whitish  wall  of  firm  tissue. 
The  aortic  cusps  are  of  equal  size  (each  measuring  32  mm.)  ;  they  are  large 
and  irregular,  and  involved  in  almost  all  parts  by  thick  and  firm  vege- 
tations. Both  cusps  are  perforated,  the  combined  one  by  an  extensive 
square  aperture  near  its  centre.  Tliis  aperture  is  closed,  marginally,  by  a 
coarse  bar  of  vegetation.  The  perforation  of  the  posterior  cusp  is  smaller 
and  near  its  centre.  The  hmbs  of  commissure  B  are  united  for  5  mm..  The 
margin  of  the  anterior  cusp  is  replaced  by  a  thick,  smooth  bar  of  shrunken 
tissue,  wliich  forms  the  jDosterior  \\\^  of  the  mouth  of  the  sinus  aneurism. 
Commissure  C  is  completelj'  involved  by  vegetations.  In  serial  sections  of 
all  these  cusjjs  no  organisms  are  found  ;  the  vegetations  are  for  the  most 
part  in  an  advanced  state  of  organisation.  Thus  the  bar  closing  the  square 
perforation  con.sists  mainly  of  fibrous  tissue,  coated  by  younger  connective 
tissue,  and  eventually  l>y  debris  on  its  surface.  The  remaining  areas  of 
vegetation  are  very  similarly  constituted,  and  little  remains  of  the  original 
valve  sub.stance.  The  specimen  is  evidently  from  a  case  of  long  continued 
endocarditis,  much  of  which  is  in  a  relatively  advanced  stage  of  heahng. 

Looking  into  the  combined  sinus,  a  series  of  small  fissures  (/)  is  seen 
running  vertically  down  the  centre  of  the  sinus.  On  the  macroscopic  evidence 
two  interpretations  of  tliis  specimen  are  possible.  The  cusps  and  portions 
of  the  sinus  have  been  the  seat  of  a  long-standing  inflammatory  process, 
proceeding  towards  healing.  The  aneurisms  and  fissures  may  be  regarded 
as  the  products  of  an  ulcerative  process,  the  latter  representing  the  destroyed 
remnants  of  the  original  commissure,  and  the  square  aperture  possibly  repre- 
sents the  space  originally  separating  the  two  cusps,  bridged  across  at  base 
and  margin.  The  other  view,  which  an  extensive  histological  examination 
corroborates,  is  that  the  valve  was  originally  bicuspid,  and  has  subsequently 
become  the  seat  of  infective  endocarditis.  Transverse  sections  show  that  the 
elastic  media  is  continuous  throughout  the  sinus,  reaching  almost  to  the 
cusp's  attachment  throughout  its  extent.  The  bridge  of  tissue,  guarding  the 
square  aperture  on  the  side  of  the  cusp's  attachment,  contains  the  perfect 
layers  of  the  normal  cusp,  and  these  layers  are  continuous  with  the  ven- 
tricular endocardium  below  and  the  aorric  coverings  above.  The  sweep  of  the 
cusp's  attachment  is  uninterruptedly  concave.  The  fissures  do  not  represent 
a  commissure  ;  the  deepest  lamina-  of  the  elastic  media  run  unbrokenly 
beneath  most  of  them,  though  the  layers  are  fractured  by  the  fissures 
in  places  to  three  parts  the  total  tliickness,  and  in  one  place  completely. 
They  are  lined,  for  the  most  part,  Ijy  a  thick  layer  of  quite  young  connective 
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tissue,  compact  and  serial  layers  of  young  fibroblasts,  or  by  young  granu- 
lation tissue.  Beneath  the  fissures  the  adventitia  shows  perivascular 
infiltration. 

The  specimen  has  a  similar  origin  to  that  of  Ckue  2,  but,  in  this  instance, 
the  right  and  left  anterior  cusps  are  combined,  and  the  valve  has  become  the 
seat  of  an  infective  process. 

Cade  S.      Congenital  partial  tusion  of  li.A.  and  P.  cusps  ;     subactte 

INFECTIVE    ENDOCARDITIS. 

J.  D.,  a  packing  ease  maker,  aged  40,  was  admitted  to  hospital  on  April  the  19th,  1920, 
diagnosed  subacute  infective  endocarditis.  Previous  to  enlisting  in  1915  he  liad  always  been 
healthy,  and  he  served  abroad  till  April,  1917,  when  he  was  admitted  to  hospital  for  trench  fever. 
Subsequently  he  returned  to  Iiis  imit,  but  foimd  himself  miable  to  continue  duty  because  of 
shortness  of  breatli  and  fatigue  on  exertion.  He  was  then  examined  by  a  medical  board  and 
foimd  to  be  suffering  from  heart  disease,  on  which  accomit  lie  remained  on  liglit  duty  till 
demobilised  in  June,  1919.  In  February,  1920,  the  symptoms  became  worse  and  he  became 
troubled  by  a  persistent  cough. 

Oil  admiiision  lie  showed  signs  of  advanced  cardiac  failure  with  cyanosis,  enlargement  of 
the  liver,  ascites  and  congestion' of  the  lungs.  The  spleen  was  palpable;  there  was  conspicuous 
clubbing  of  the  fingers,  and  there  were  a  few  petechial  hamorrhages  in  the  skin  of  the  neck.  The 
pulse  was  water-hammer  in  type  and  the  heart  moderately  enlarged.  A  loud  to  and  fro  murmur  was 
audible  over  the  base  of  the  heart,  and  also  at  tlieapex.  The  Wassermann  reaction  was  negative, 
but  no  blood  culture  was  made.  The  red  blood  cells  numbered  4,700,000  per  c.mm..  The 
htemoglobin  percentage  was  72  and  the  colour  index  0-76.  The  leucocyte  count  was  13,000 
per  c.mm..  The  temperature  reir.ained  between  09^  and  100°  Fahr.,  with  occasional  remissions, 
and  death  occurred  on  May  the  22nd,  1920,  from  increasing  heart  failure. 

Piitliolorjicul  cluingea. 

Both  lungs  are  congested  and  oedematous.  The  right  pleural  cavity  is  totally  obliterated 
and  in  the  left  2  pints  of  clear  fluid  are  foiu\d.  The  liver  is  congested  and  shows  early  fatty 
change.  The  spleen  weighs  254  grammes  ;  it  is  not  infarcted.  Both  kidneys  are  scarred  by  old 
hifarcts  and  their  capsules  thickened.  In  one  kidney  a  group  of  completely,  but  no  partially, 
hyalinised  corpuscles  are  seen.  The  heart  weighs  460  grammes  ;  the  hypertrophy  is  in  the  left 
ventricle  ;  neither  ventricle  shows  much  dilatation  postmortem.  The  valves  of  the  right 
ventricle  are  normal  :  the  mitral  valve  is  normal  with  tlie  exception  of  a  single  smooth  vegetation 
the  size  of  a  pea,  on  the  posterior  cusp  and  two  small  patches  of  sessUe  vegetations  at  the  base 
of  the  aortic  cusp.     The  aorta  is  normal  and  the  coronary  arteries  arise  nonnally. 

The  aortic  valve  is  severely  diseased  (see  Figs.  5  and  2(1).  Commissure  A 
is  involved  by  extensive  vegetations  which  invade  the  adjoining  cusp 
margins.  The  commissure  itself  is  greatly  tliickened  and  completely  calcified, 
and  the  vegetations  are  also  undergoing  calcification.  Before  the  aorta  was 
opened,  the  masses  of  vegetation  on  either  side  of  the  commissure  were  firmly 
united  to  each  other,  leading  a  gap  on  the  sinus  side.  Below  tliis  gap,  and  in  the 
triangle  itself,  the  endocardium  is  thickened  in  patches,  some  of  which  are 
wliitish  in  colour,  others  of  wliich  are  yellow,  owing  to  the  presence  of  many 
polymorphonuclear  leucocytes  Ijing  in  the  necrosed  muscle,  which  is  laid 
bare.  There  are  also  several  areas  of  minute  vegetations  in  this  region.  The 
vegetations  on  the  valve  are  all  firm,  and  no  organisms  are  to  be  found  in 
sections  cut  of  them.  The  right  anterior  and  posterior  cusjis  are  throw  n  into 
one  ;  these  cusps  measure  20  and  20*5  mm.  resjaectively  ;  the  left  cusp 
measures    2S   mm..     The  cusp  edges  at  commissure  C  are  much  thickened. 
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The  commissure  itself  is  fused  for  a  distance  of  4  mm.,  and  the  ridge  has  a 
breadth  of  6  mm..  The  fusion  is  of  the  inflammatory  tyiDC,  remnants  of  the 
cusp's  elastic  layers  being  encountered  in  the  upper  transverse  sections,  but 
being  deeply  embedded  in  young  and  vascular  subendothelial  tissues.  Whorling 
of  the  media  is  seen  at  the  top  of  this  short  ridge  and  the  anuulus  appears 
almost  immediately.  The  deep  elastic  laminae  of  the  media  are  continued  for 
approximate!}'  9  mm.,  or  5  mm.  beyond  the  end  of  the  ridge.  Both  media 
and  adventitia  are  infiltrated  and  vascular,  the  vessels  showing  obliterative 
endarteritis. 

Commissure  B  is  represented  l)y  a  smooth,  low  ridge,  descending  10  mm. 
into  the  sinus,  having  a  maximum  breadth  of  3  mm.  and  a  depth  of  J  to 
1  mm..  Before  reaching  the  line  of  the  valve's  attachment  it  breaks  into  two 
hmbs,  and  between  these  two  the  u})per  part  of  the  membranaceous  septiim  is 
enclosed  on  the  sinus  .side  of  the  valve.  The  two  limbs  end  shortly  after  reach- 
ing the  valve's  attachment.  Serial  transverse  sections  of  this  ridge  show  elastic 
tissue  of  tlie  media  extending  down  10  mm.,  that  is  to  say,  as  far  as  the 
subdivision.  The  first  serial  .sections  of  this  ridge  show  slight  whorling  of  the 
elastic  tissue  in  the  aortic  media.  As  the  .sections  are  traced  down  the 
whorling  increases,  especially  centrally,  many  fibres  appearing  punctate  in 
cross  section  ;  and  the  elastic  elements  become  sparser,  being  first  com- 
pletely lost  in  the  dee^Der  layers  of  the  ridge,  when  the  pure  fibrous  tissue  of 
the  annulus  appears.  This  junction  occurs  7*5  mm.  from  the  beginning  of  the 
ridge,  and  is  represented  in  Fig.  12.  Elastic  elements  are  continued,  super- 
ficially, in  the  ridge  for  another  2'o  mm.,  ending  where  the  main  ridge  ends. 
Here  the  ridge  becomes  con.stituted  of  tMckened  annrJus  only,  the  tissues  of 
the  annulus  being  similarly  whorled,  and  the  subsidiary  ridges  at  the 
bifurcation  are  continued  in  this  form. 

In  the  lower  sections  the  ridge  is  sheathed  by  a  well-developed  sinus 
elastic  layer,  and  by  a  somewhat  thickened  subendothelial  layer.  There  is 
little  or  no  sign  of  active  inflammation  in  the  ridge  itself,  and  no  sign  of  old  in- 
flammation, but  in  the  adventitia  beneath  and  to  the  sides  of  it  there  is  a  httle 
perivascular  infiltration,  and  the  vessels,  as  in  many  of  these  cases,  often  show 
obliterative  endarteritis.  In  transverse  sections  of  the  base  of  the  combined 
cusp,  immediately  beneath  the  divided  ridge,  the  usual  layers  are  seen  extend- 
ing, without  break,  across  the  section.  These  layers  may  be  identified  readily 
with  the  normal  layers  of  the  cusp  ;  the  ventricular  subendothelial  layer  is, 
however,  thickened  (by  well-nucleated  connective  tissue,  penetrated  by 
elastic  fibres),  and  the  fibrous  layer  of  the  cusp  presents  some  calcareous 
deposits  in  the  termination  of  the  ridge  (annular  sclerosis).  As  the  thickened 
subendothelial  layer  is  traced  in  subsequent  sections  towards  the  cusp  margin, 
it  thickens  more,  becomes  infiltrated  and  vascular,  and  contains  younger 
fibroblasts,  initil  the  actual  vegetations  are  reached. 

This  commissure,  undoubtedly  a  malformation,  closely  resembles  that 
described  in  Case  3,  though  in  the  latter,  it  was  the  right  and  left  anterior 
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cusps  which  were  united,  while  in  the  present  case  it  is  the  right  anterior 
and  posterior  cusps. 

Case  9.     Partial  congenital  fusion  of  R.A.  and  P.  cusps;  subacute 

INFECTIVE    endocarditis. 

E.  U.,  a  motor  driver,  aged  33,  was  admitted  to  hospital  on  the  Octoljer  17th,  1922,  diagnosed 
malignant  endocarditis.  He  served  in  the  army  from  1915  to  1919,  and  in  1917  had  an  attack 
of  trench  fever.  In  1919  he  had  influenza,  followed  by  pneumonia,  but  apart  from  these  he  had 
enjoyed  good  health  till  9  weeks  before  admission,  when  he  began  to  suffer  from  shortness  of 
breath  and  cough.  From  the  same  date  he  had  lost  flesh  and  for  a  week  had  been  troubled  by  a 
persistent  cough. 

On  admission  he  showed  no  definite  signs  of  venous  stasis.  He  was  sallow,  and  his  fingers 
were  very  clubbed.  The  heart  was  enlarged  and  the  pulse  of  water-hammer  type.  A  to  and  fro 
miu'mur  was  audible  at  the  aortic  cartilage  and  also  at  the  apex.  The  Wassermami  reaction  was 
negative  and  a  blood  culture  gave  no  growth.  Red  blood  cells  numbered  2,900.000  per  c.mm.,  the 
lia?moglobin  percentage  was  .50  and  the  colour  index  0-8.  The  leucocytes  count  was  4,300  per 
c.mm,.  The  urine  contained  albumen  and  Ijlood.  The  temperature  remained  between  99°  and 
100^  Fahr.,  full  signs  of  cardiac  failure  soon  developed  and  the  spleen  was  palpable.  Death 
occurred  on  December  the  14th  from  cardiac  failure. 

Palhological  changes. 

OEdema  of  the  feet  and  legs  is  present.  There  are  effusions  in  all  the  serous  cavities  and  the 
organs  generally  are  congested.  The  spleen  weighs  650  grammes  and  shows  several  mfarcts. 
Both  kichieys  are  enlarged,  their  capsules  slightly  thickened  and  their  surfaces  mottled  ;  sections 
show  early  interstitial  nephritis,  many  completely  and  a  few  partially  hyalinised  corpuscles. 
The  heart  weighs  495  grammes.  The  ventricles  are  both  dilated  and  hypertrophied,  the  right 
more  particularly.  The  valves  of  the  right  ventricle  present  no  significant  changes.  The  mitral 
valve  is  but  little  diseased.  A  few  small  vegetations  weld  together  the  tertiary  chorda?  of  the 
posterior  cusp.  The  aortic  cusp  is  similarly  affected,  and  several  chordae  of  this  cusp  show  small 
vegetations  running  down  almost  to  the  papillary  muscles.  Below  commissure  C  on  the  aortic 
cusp  (Fig.  21)  is  a  diseased  area  ;  the  upper  portion  of  this  is  rough,  owing  to  the  presence  of 
granular  vegetations,  the  lower  portion  is  an  area  of  thickening,  smooth  and  glistening  on  its 
surface.  The  aorta  is  normal,  but  for  a  few  small  and  scattered  atheromatous  patches.  The 
coronary  vessels  arise  normally,  the  right  by  means  of  two  separate  mouths. 

The  margins  of  the  aortic  citsjis  are  involved  by  vegetations  (Figs.  5 
and  21),  except  in  the  immediate  neighbourhood  of  the  commissures  ;  these 
vegetations  extend  on  to  both  aortic  and  ventricular  surfaces  of  the  cusps, 
and  have  perforated  the  left  anterior  cusp.  The  vegetations  are  fii-mly 
attached,  and  many  of  them  advancedly  calcareous.  Near  commissure  C, 
in  the  posterior  cusp,  is  the  mouth  of  a  shallow  aneurism  of  the  sinus  (a). 
Below  commissure  A  are  several  yellowish  wliite  tliickenings  of  the  septal 
endocardium.  The  origins  of  the  cusps  are  unusually  separated  at  com- 
missures A  and  C,  and  one  cusp  margin  (at  commissure  C)  is  fenestrated. 
The  margins  of  the  cusps  at  the  commissures  are  a  Uttle  thickened.  Com- 
missure B  is  rei:)resented  by  a  long  ridge,  and  the  right  anterior  and  posterior 
cusps  are  fused  into  one  (Fig.  5).  The  ridge  extends  downwards  for  9  mm., 
as  a  single  and  smooth  elevation,  having  a  breadth  of  3|  mm.,  and  a  maximal 
height  of  2  mm..  It  terminates  by  subdividing  into  three  small  ridges,  one 
continuing  the  main  ridge,  the  other  two  diverging.  The  latter  end  at  the 
attachment  of  the  valve,  the  central  ridge  proceeds  a  few  millimetres  on  to  the 
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cusp,  and  ends  in  thickened  tissue  <at  the  base  of  the  vegetations.  The 
end  of  the  media  of  the  aorta  is  distinctly  visible  in  the  fresh  specimen  ; 
it  terminates  where  the  ridge  subdivides.  The  left  anterior  cusp  measures 
34  mm.,  the  right  anterior  25  mm.,  and  the  posterior  22  mm..  The  sweep 
of  the  combined  cusp's  attachment  is  broken  by  a  very  distinct  triangle 
on  the  ventricular  side.  Serial  sections  of  this  commissure  show  slight 
whorUng  at  the  top  of  the  ridge.  As  the  sections  are  traced  downwards, 
the  whorling  increases,  especially  centrally,  and  many  more  elastic  fibres 
are  seen  in  cross  section.  Lower  still  the  laminated  appearance  of  the 
ridge  is  almost  entirely  replaced,  centrally  and  superficially,  by  the 
punctate  cross  sections  of  ela.stic  fibres.  This  punctate  condition  persists, 
but  the  fibres  become  sparser  and  sparser  until  the  pure  fibrous  tissue  of  the 
annulus  is  encountered  7*5  mm.  below  the  top  of  the  ridge,  a  point  a  httle 
above  its  subdivision.  At  tliis  point  the  deep  part  of  the  ridge  still  shows 
a  few  elastic  lamina*  crossing  it,  but  these  in  turn  disappear  0*5  mm.  lower 
down.  Beyond  this  level,  the  ridge  and  its  subdivided  continuation,  consist 
of  pure  annulus  only.  There  is  little  or  no  sign  of  inflammation  beyond 
vascular  congestion  and  sUght  perivascular  lymphocytic  infiltration  in  the 
ridge  and  in  the  neighbouring  sinus  wall.  Transverse  sections  of  the  base 
of  the  combined  cusp  show  the  usual  layers  running  across  the  section  without 
break.  The  ridges  on  the  valve  are  seen  to  lie  in  the  fibrous  layer,  and  to  be 
formed  by  the  continuation  of  the  subdivided  ridge  of  the  commissure.  Passing 
out  on  the  cusp,  the  layers,  particularly  on  the  ventricular  side,  become  dis- 
turbed by  the  presence  of  new  connective  tissue  and  lymphocytes,  and,  as  the 
area  of  vegetation  is  reached,  the  connective  tissue  becomes  younger,  and  the 
lymphocytes  more  numerous.  There  are  small  scattered  deposits  of 
calcified  material  in  the  fibrous  layer  in  the  upper  part  of  the  valve,  and 
others,  more  numerous  and  larger,  are  found  in  the  vegetations  themselves. 

The  defect  in  the  usual  upward  prolongation  of  the  annulus  at  the 
commissure,  and  the  perfect  stratification  of  the  combined  cusps,  proclaim 
the  specimen  to  be  a  congenital  malformation. 

Case  10.    Congenital  partial  fusion  of  L.A.  and  R.A.  cusps  ;  subacute 

INFECTIVE  ENDOCARDITIS. 

A.  H.,  a  clerk,  aged  28,  was  admitted  to  hospital  on  March  the  23rd,  1920,  diagnosed 
sulmtute  infective  endocarditis.  He  enlisted  in  1914,  having  previously  been  healthy,  and  served 
for  three  years  with  an  infantry  battahon  in  France.  Except  for  an  attack  of  influenza  in  191.5, 
and  being  slightly  gassed  in  1917,  he  remained  well  and  was  demobilised  as  fit  in  Febiiiary,  1919. 
In  December,  1919,  he  began  to  complain  of  pain  over  the  heart,  general  malaise,  cough  and 
breathlessness.     He  also  noticed  that  he  was  getting  thinner. 

On  admission  there  were  signs  of  venous  congestion  with  enlargement  of  the  liver.  He 
was  pale,  somewhat  wasted,  his  finger.s  were  clubbed  and  the  spleen  was  palpable.  On  the  right 
forearm  below  the  elbow  was  a  small  expansile  tumoxu-.  three-quarters  of  an  inch  in  diameter, 
apparently  an  aneurism  of  the  radial  artery.  The  pulse  was  of  water-hammer  type  and  the  heart, 
slight  ly  enlarged.  A  to  and  fro  murmur  was  audilile  at  t  he  base  and  also  at  the  apex.  The  Wassemiarn 
reaction  was  positive,  but  no  blood  culture  was  made.  The  red  blood  cells  numbered  4.0.')0,000 
per  (\mm.,  haemoglobin  being  70  per  cent.,  and  the  colour  index  0-8().  The  white  cells  were 
9,000  per  e.ram..  The  temperature  remained  about  100°  Fahr.  with  occasional  intermissions, 
and  the  cardiac  failure  increased.     Death  took  place  on  June  the  7th,  1920. 
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Pathological  changes. 

Both  lungs  are  cedematoiis  and  the  right  contains  several  liEemorrhagie;  infarcts.  Bilateral 
hydrothorax  and  ascites  are  also  present.  The  liver  is  enlarged  and  congested,  the  spleen  weighs 
382  grammes  and  contains  old  and  recent  infarcts,  as  do  the  kidneys.  There  is  a  small  mycotic 
aneurism  on  the  upper  part  of  the  right  radial  artery.  The  heurt  weighs  523  grammes,  there  is 
slight  hypertrophy  and  dilatation  of  both  ventricles.  The  valv-es  of  the  right  ventricle  are 
normal.  The  milral  valve  has  niunerous  small  vegetations  upon  its  ventricular  aspect ;  these 
mat  together  the  chordfe  tendine*  at  their  insertions,  and  in  places  are  found  a  little  way  down 
the  chorda'.  The  auricular  surface  of  the  valve  is  normal.  The  aorta  (Fig.  22)  shows  a  few  small 
and  scattered  atheromatous  patches  at  its  base.  The  coronary  arteries  arise  normally. 
Immediately  to  right  and  left  of  commissure  .4  and  a  little  above  its  beginning  are  two  stellate 
fissures  in  the  aortic  wall  (Fig.  22,/).  Sections  of  the  left  hand  fissure  shows  it  penetrating  the 
media  almost  completely.  The  elastic  lamin<E  are  broken  short  at  the  edges  of  the  fissures, 
their  ends  being  covered  with  a  thin  layer  of  homogeneous  staining  material.  One  edge  of  the 
fissure  is  lined  in  part  by  layers  of  yoting  fibroblasts.  The  surromiding  elastic  laminse  are 
infiltrated  by  small  collections  of  lymphocytes,  extending  for  some  distance.  The  adventitia 
deep  to  the  fissure  is  likewise  infiltrated,  and  its  vessels  in  this  region  show  advanced  proliferation 
of  their  uitiinal  lining,  up  to  actual  obliteration  of  their  lumina.  The  right  hand  fissure  just 
penetrates  the  media,  but  is  otherwise  similar  to  the  first. 

The  aortic  valve  (Figs.-  5  and  22)  has  large,  flat  vegetations  attached  to 
its  margins  and  ventricular  surface  and  the  posterior  cusp  is  torn.  The 
vegetations  are  firmly  attaclied,  and  tough.  They  do  not  invade  the  com- 
missures to  any  great  extent  ;  here  the  valve  edge  is  thickened  but  smooth. 
In  sections  of  the  vegetations  no  organisms  are  discovered.  The  end  of  the 
long  ijendulous  vegetation,  when  tilted  upwards,  comes  into  apposition 
wdtli  the  two  smaU  aortic  fissures  (/).  Commissure  A  is  represented  by  a 
smooth  ridge,  having  a  length  of  17*5  mm.,  and  extending  a  few  milhmetres  on 
to  the  cusp  ;  its  breadth  is  3  mm.,  and  its  greatest  depth  2*5  mm..  Just 
before  reacliing  the  cusp's  attachment  it  sends  off  two  subsidiary  lateral 
ridges  (see  Fig.  5)  wliich  can  be  traced  about  7  mm.  over  the  cusps.  Opposite 
this  ridge  on  the  ventricular  side  is  a  small  angular  break  in  the  sweep  of  the 
combined  cusp.  Thus  the  left  and  right  anterior  cusps  are  thrown  into 
one  ;  they  measure  15  and  17*5  mm.  respectively,  and  the  posterior  cusp 
measures  30*5  mm..  Whorling  is  present  in  the  top  transverse  sections  of  the 
ridge.  It  is  continued  downwards  for  5  mm. ;  the  elastic  elements  then  begin 
to  become  sparser.  They  disajjpear  gradually  in  all  the  layers  of  the  ridge 
simultaneou.sly,  and  the  last  trace  of  them  is  seen  in  sections  taken  9  mm. 
from  the  top  of  the  ridge. 

The  edges  of  the  aortic  media  do  not  ovei'lap  the  annulus  ;  the  junction 
is  a  straight  one.  Here  the  pure  tissues  of  the  annulus  begin.  The  lower  part 
of  the  main  ridge,  and  the  subsidiary  ridges,  are  constituted  by  jirojections 
of  the  annulus,  and  of  the  fibrous  layer  of  the  cusp.  When  the  cu.sp  is  reached 
its  layers  are  seen  to  run  continuouslj'  across  the  sections.  There  are  no  signs 
of  active  inflammation  in  the  ridge  or  underhdng  tissues  in  its  course  through 
the  sinus  ;  increased  vascularity  of  the  tissues  and  a  little  infiltiation  begins 
at  the  level  of  the  cusp's  attachment. 

These  appearances  characterise  the  deformity  as  being  a  congenital 
malformation. 


58  T.     LEWIS    AND    R.     T.     GRANT. 

Case  II.    Congenital  PARTIAL  FusiOK  OF  i.^.  AND  jR.  J..  CUSPS  ;  subacute 

INFECTIVE    ENDOCARDITIS    AND    CALCIFICATION    OF    THE    VALVE. 

B.  R.,  a  clerk  aged  30.  came  under  observation  in  May,  1920.  He  had  experienced  three 
attacks  of  rheumatic  fever  (the  last  in  1910),  but  enlisted  in  1917  and  did  full  duty  abroad  till 
Januarj',  1918,  when  he  developed  nephritis.  At  that  time  he  also  complained  of  shortness  of 
breath  and  fatigue  on  exertion,  and  was  ultimately  discharged  from  the  army  in  July,  1918.  His 
condition  remained  the  same  until  May,  1920. 

On  ad7)iissio7i  he  showed  no  signs  of  venous  congestion,  but  his  exercise  tolerance  was  poor. 
He  was  pale,  the  spleen  was  palpable  and  his  fingers  conspicuously  clubbed.  The  pulse  was 
of  water-hammer  type  and  the  heart  considerably  enlarged.  Systolic  and  diastolic  murmurs 
were  audible  over  both  apex  and  base.     The  urine  contained  a  heavy  cloud  of  albiimen. 

On  July  the  1.5th  he  was  admitted  to  hospital  with  full  signs  of  advanced  cardiac  failure. 
He  was  too  ill  to  admit  of  further  examination,  and  died  two  days  later. 

Pathological  changes. 

Both  lungs  are  congested.  The  right  liuig  is  totally  adlierent  to  the  pleura  and  in  the  adhesions 
at  the  base  is  a  mortar-like  mass  2  inches  wide,  surroimded  by  fibrous  tissue.  The  lung  tissue 
contains  scattered  caseous  nodules.  There  is  slight  ascilci.  The  liver  and  spleen  are  enlarged 
and  congested.  The  former  shows  nutmeg  changes  and  the  latter  contains  one  small  pale  infarct. 
Both  lidneys  show  slight  mottling  of  the  surface.  The  heart  weighs  434  grammes.  Both 
ventricles  are  considerably  dilated  and  hypertrophied.  The  valves  of  the  right  heart  are  normal. 
The  posterior  cusp  of  the  mitral  valve  is  normal ;  the  aortic  cusp  has  a  large  patch  of  sessile 
vegetations  upon  it  and  these  extend  up  as  far  as  the  aortic  valve,  and  downwards  to  involve 
the  insertions  of  the  chord.'e.  Numerous  small  vegetations  are  foiuid  on  the  chordie  at  a  lower 
level.  The  ventricular  septum  is  normal.  The  aorta  is  normal.  The  coronary  vessels  both  arise 
from  the  right  anterior  cusp. 

The  aortic  valve  (Figs.  5  and  23)  is  heavily  involved  along  its  edges 
by  large  firm  vegetations,  some  of  which  are  pendulous.  The  vegetations 
have  spread  a  considei'able  distance  on  both  the  sinus  and  ventricular  surfaces 
of  the  cusps  and  the  posterior  cusp  has  a  ragged  aperture  in  its  centre. 
Some  of  the  vegetations  are  heavily  impregnated  with  Ume  salts.  Com- 
missure C  is  involved  throughout  its  length  by' vegetations,  which  are  united 
to  each  other.  There  are  a  few  minute  vegetations  in  the  wall  of  the  posterior 
sinus.  One  cusp  margin  of  commissure  B  is  invaded  by  vegetations,  the 
other  shows  tliickening.  None  of  the  vegetations  in  tliis  specimen  show 
organisms  in  their  sections.  Commissure  A  is  reduced  to  a  low  ridge,  and  the 
right  and  left  anterior  cusps  are  fused  together.  The  left  and  right  anterior 
cusps  measure  21*5  and  24*5  mm.  respectively  ;  the  posterior  cusp  measures 
28  mm..  The  line  of  attachment  of  the  combined  cusp  is  seen,  from  the 
ventricular  side,  to  be  broken  by  a  small  triangle  opposite  the  ridge.  The 
ridge  of  commissure  A  extends  down  the  wall  of  the  sinus  for  15  mm.  ;  its 
breadth  is  4  mm.  and  greatest  depth  5  mm..  It  is  continued  in  the  same  form 
on  the  comliined  cusp  until  it  is  lost  in  calcareous  vegetations  in  the  margin. 
The  ridge  is  nodular,  rough  and  hard,  obviouslj^  containing  much  calcareous 
tissue.     The  bases  of  all  cusps  show  an  early  grade  of  annular  sclerosis. 

The  serial  transverse  sections  through  the  upjier  part  of  the  ridge  show  the 
usual  whorling  of  the  elastic  elements,  many  fibres  being  cut  in  cross  section. 
Calcareous  tissue  first  appears  as  a  nodule  4*5  mm.  from  the  top  of  the  ridge, 
and  this  nodule  is  situated  in  the  superficial  layers  of  the  whorled  elastic 
tissue.     A  Uttlc  further  down  the  medial  elastic  fibres  begin  to  become 
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spareer.  As  the  sections  are  traced  lower  still,  calcareous  nodules  more  and 
more  replace  the  whorled  tissue  of  the  ridge  ;  7  mm.  from  the  top  of  the  ridge 
the  elastic  elements  of  the  media  are  lost  superficially.  They  disappear 
deeply  at  a  point  about  8  mm.  down  the  ridge  from  its  beginning.  At  this 
level  the  calcareous  deposits  begin  to  be  surrounded  and  pervaded  by  granu- 
lation tissue  ;  but  there  is  Uttle  or  no  sign  of  inflammation  in  the  ridge  apart 
from  tills,  and  the  underlying  adventitia  shows  very  little  infiltration.  In 
lower  sections  the  ridge  is  composed  of  calcified  annulus  fibrosus.  Thus 
there  is  probably  a  slight  overlap  between  annulus  and  media  in  the  usual 
direction,  though  the  architecture  is  much  disturbed  by  the  calcareous 
deposits. 

Down  to  the  level  of  the  cusp's  attachment,  and  beyond  it,  the  ridge 
is  still  continued  in  the  same  form,  the  base  of  the  cusp  is  very  vascular,  and, 
as  the  sections  are  followed  into  the  cusp,  lymphocytic  and  polymorpho- 
nuclear infiltration  increases  more  and  more  until  it  becomes  intense  ;  but 
the  ridge  hes  exclusively  on  the  sinus  side  of  the  cusp,  and  is  covered  on 
its  ventricular  side  by  tmbroken  ventricular  and  subendotheHal  elastic 
layers,  both  of  which,  but  especially  the  former,  become  thickened  by  new 
connective  tissue  elements  as  the  body  of  the  cusp  is  approached.  The 
fibrous  layer  of  the  cusp  is  also  traced  from  side  to  side  as  a  continuous 
layer,  though  in  the  neighbourhood  of  the  ridge  it  is  deeply  involved  by 
calcareous  matter,  starting  on  the  sinus  side.  A  broken  sinus  elastic  layer  is 
traceable  over  the  greater  part  of  the  ridge,  where  it  hes  on  the  cusp  ;  it  is 
covered  in  turn  by  a  very  thickened  sinus  subendothehal  layer,  the  thickening 
being  due  to  new  connective  tissue  elements,  and  eventually  to  vegetations. 
The  fusion  is  quite  clearly  of  the  congenital  tj'pe,  but,  in  the  cusp,  the  fine 
of  fusion  has  been  involved  by  the  inflammatory  and  degenerative  processes, 
and  in  the  sinus,  by  more  purely  degenerative  jarocesses. 

The  degenerative  process  in  the  sinus  portion  of  the  ridge  has  probably 
the  same  pathological  origin  as  has  annular  sclerosis,  such  as  was  found  and 
fully  described  in  Case  4.  Tliis  is  evidenced  by  the  first  appearance  of 
calcareous  nodules  in  the  superficial  layers  of  the  annulus,  and  on  the  sinus 
side  of  the  fibrous  layer  of  the  valve. 

Case   12.     Coxgenitai,    fusion    of    L.A.   and    ^..4.   cusps;    subacute 

INFECTIVE    ENDOCARDITIS. 

J.  M.,  aged  32,  a  concert  artiste,  was  admitted  to  hospital  on  Noveinljer  the  27th,  1919, 
suffering  from  subacute  infective  endocarditis.  He  enlisted  in  1915,  having  previously  been 
healthy  except  for  occasional  sore  throats,  which  ceased  after  tonsillectomy  in  1908.  He  served 
in  France  and  remained  well  till  Jmie,  1918,  when  he  had  a  sudden  "  stroke  "  with  numbness 
and  pins  and  needles  down  the  right  side.  These  sensations  gradually  passed  off,  but  he  felt 
thoroughly  rim  do^Ti,  and  later  complained  of  tenderness  imder  the  finger  nails.  Ultimately 
he  was  sent  to  England  and  was  demobilised  in  January,  1919.  After  that  date  he  noticed  a 
throbbing  in  his  neck  and  suffered  from  intennittent  pains  and  swelling  of  the  calves  of  the  legs. 
He  became  irritable  and  was  breathless  on  the  slightest  exertion. 

On  admission  the  patient  showed  signs  of  venous  stasis  with  enlargement  of  the  liver.  He 
was  pale,  the  spleen  was  palpable  and  soft,  his  fingers  were  clubbed  and  Osier's  nodes  were  present. 
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There  was  an  acutely  tender  swelling  of  the  calf  of  the  right  leg.  The  pulse  was  water-hammer  in  type 
and  the  heart  was  moderately  enlarged.  A  to  and  fro  murmur  was  audible  all  over  the  precordium 
but  most  clearly  at  the  base,  and  a  diastolic  thrill  was  palpable  at  the  apex.  The  W'assermann 
reaction  was  negative  and  a  blood  culture  yielded  no  growth.  Red  blood  corpuscles  were 
4,100,000  per  c.mm.,  the  hismoglobin  being  70  per  cent.,  and  the  colour  index  0-8.^.  There  was 
a  leucocyte  count  of  18,000  per  c.mm..  Tne  patient  remained  in  much  the  same  condition  with 
a  temperature  averaging  lietween  99^  and  100"  Fahr.,  until,  after  several  paroxysms  of  dyspnoea 
and  vomiting,  he  died  on  January  the  8th,  1920. 

Patholofj ical  ch a nges . 

Bilateral  hydrothorax  and  congested  lungs  are  present.  The  mucous  membrane  of  stomach 
and  intestines  is  congested.  The  liver  is  enlarged  and  congested  ;  the  spleen  weigh.s  209  grammes  ; 
it  is  not  infarcted.  Both  kidneys  are  fumer  than  normal,  and  sections  show  small  areas  of 
lymphocytic  infiltration.  The  right  posterior  tibial  artery  is  closed  by  a  partly  organised  clot 
at  a  point  about  midway  between  knee  and  ankle.  The  heart  weighs  665  grammes,  both  sides 
being  hypertrophied  and  dilated.  The  valves  of  the  right  ventricle  are  normal.  'I'he  aortic 
flap  of  the  mitral  valve  has  a  few  sessile  vegetations  upon  it  and  a  more  extensive  patch  beneath 
the  aortic  valve.  There  are  many  vegetations  on  the  chorda%  occupying,  as  they  frequently  do, 
almost  exclusively  the  points  where  the  chordae  subdivide.  The  posterior  cusp  of  the  valve  is  less 
affected.     The  aorta  above  the  sinuses  is  normal. 

The  aortic  valve  (Figs.  5  and  24)  is  heavily  involved  along  practically 
the  whole  of  its  margins.  These  are  encased  in  thick,  rough,  but  fiim, 
vegetations.  The  posterior  cusp  has  been  perforated,  the  margins  of  the 
perforation,  especially  the  lower,  being  smooth.  Commissure  B  has  been 
destroyed  almost  completely,  though  its  original  lines  are  detected  as  low 
ridges.  The  triangle  is  filled  with  small  vegetations,  which  extend  down 
on  to  the  septum.  A  long  pendulous  vegetation  hangs  down  from  this 
region  into  the  ventricle  (before  the  photograph  was  taken  the  aortic  flap 
of  the  mitral  valve  had  been  cut  away).  These  vegetations  are  surrounded 
by  an  area  of  tliickened  subendothehal  tissue,  which  the  microscope  pro- 
claims to  be  recent.  In  the  posterior  sinus  a  fissure  is  seen  near  the  cusp's 
attachment.  The  right  and  left  anterior  cusps  are  thrown  into  one  ;  they 
measure  20  and  21  mm.  respectively  ;  the  posterior  cusp  measures  2,5  mm.. 
The  coronary  arteries  arise  from  this  combined  cusp,  and  the  mouths  of 
both  are  greatly  eroded,  the  left  one  having  numerous  fresh  vegetations 
around  it.  The  intima  is  replaced  by  masses  of  young  connective  tissue 
cells,  standing  alone,  or  at  the  bases  of  small  thrombi.  The  elastic  laminae 
of  the  media  are  much  disturbed  and  infiltrated  with  lymphocytes,  and  in 
places  broken  off  short.  Neither  these  nor  the  valvular  and  septal  vege- 
tations contain  visible  organisms.  Much  of  the  rest  of  the  sinus  is  eroded  or 
occupied  by  small  vegetations.  The  remains  of  the  commissure  (commis- 
sure A)  are  seen  as  a  vertical  line  of  small  elevations  in  the  sinus,  though  this  is 
continued  as  a  more  distinct  ridge  on  the  cusp  itself.  Serial  trtmsverse  sections 
of  this  region  show  the  remnants  of  the  commissure  to  extend  for  17  mm. 
from  the  border  of  the  sinus  to  the  cusp's  attachment.  The  elastic  laminae 
of  the  media  are  whorled  from  the  start,  and  this  whorling  continues  down 
for  3  mm.,  when,  in  addition,  the  elastic  elements  begin  to  become  sparser 
in  the  deeper  layers  of  the  media.  This  thinning  continues  until  the  pure 
annulus  appears  G  mm.  below  the  border  of  the  sinus.     .Superficially  the 
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elastic  elements  continue  4  mm.  further,  and  the  ridge  then  consists  of 
projecting  annulus  only  ;  it  is  traced  as  a  broken  structure  on  to  the  cusp, 
where  it  is  formed  by  a  thickening  of  the  fibrous  layer  of  the  cusp.  This 
fibrous  layer  runs  unbroken  throughout  the  section  of  the  combined  cusps, 
and  is  sheathed  by  a  complete  and  unbroken  endocardial  layer,  and  by 
similar  sinus  laj^ers. 

Thus  the  fusion  is  typical  of  the  congenital  malformation,  but  the  ridge 
is  obscured  h\  subsequent  inflammation.  The  sections  show  frequent  areas 
of  perivascular  infiltration  in  adventitia  and  media,  the  small  arteries  being 
often  obhterated.  Here  and  there  the  media  is  disturbed  superficial!}^  and, 
at  this  point,  the  intimal  tissue  is  converted  into  small  masses  of  granulation 
tissue.  Similar  inflammatory  disturbances  are  seen  scattered  along  the  whole 
length  of  the  ridge. 


Case   13.     Congenit.vl    fusion    of    L.A.   and    R.A.    cu.sps  ;    subacute 

INFECTIVE    ENDOCARDITIS. 

F.  M.,  a  clerk,  aged  24,  was  admitted  to  hospital  on  25th  October,  1919,  diagnosed  subacute 
infective  endocarditis.  He  had  always  been  healthy,  and  enlisted  in  1914,  serving  two-and-ahalf 
years  in  the  line.  In  May,  1917,  he  had  an  attack  of  pyrexia  of  unknown  origin,  for  which  he 
was  in  hospital  for  16  days.  He  continued  in  the  army  untU  his  discharge  in  March,  1919. 
Breathlessness,  palpitation  and  giddiness  on  exertion  then  began  to  trouble  him,  and  he  also 
noticed  that  his  finger  tips  were  sometimes  tender  without  apparent  cause.  His  sj'mptoms 
gradually  became  worse. 

On  admission  he  presented  signs  of  venous  congestion,  had  a  yellowish  tinge,  his  fingers 
were  clubbed,  and  the  spleen  was  enlarged  and  soft.  There  was  a  subungual  ha>morrhage  in  the 
right  thumb.  The  pulse  was  water-hammer  in  type  and  the  lieart  moderately  enlarged.  A  diastolic 
murmur  was  audible  at  the  base  and  at  the  apex  a  confused  rumble  throughout  the  cardiac  cycle 
could  be  heard.  The  red  blood  cells  numbered  4,900,000  per  c.mm.,  the  haemoglobin  percentage  was 
60,  and  the  colour  index  0-6.  The  leucocytes  were  6,300  per  c.mm..  A  blood  culture  yielded 
no  growth.  The  urine  contained  albumen  and  blood.  The  further  course  was  rapidly  increasing 
heart  failure  with  nocturnal  paroxysms  of  dyspncea  and  vomiting.  The  temperatm-e  remained 
between  99°  and  100°  Fahr.,  and  the  patient  ultimately  collapsed  and  died  on  December  the  9th, 
1919. 


Pathological  changes. 

Fluid  is  present  in  both  pleural  cavities  and  both  lungs  are  congested  and  fibrotic.  Moderate 
ascites  is  present  and  tlie  mucous  membrane  of  stomach  and  intestines  is  congested.  The  liver  is 
congested  and  shows  early  nutmeg  change.  There  are  old  infarcts  in  both  kidneys  and  in  the 
spfee»i,  the  latter  weighing  297  grammes.  The /if art  weighs  609  grammes,  the  ventricles  being 
hj-pertrophied  and  dUated.  The  foramen  ovale  is  patent.  The  valves  of  the  right  heart  are 
normal.  The  posterior  flap  of  the  mitral  valve  is  normal  ;  its  aortic  flap  presents  extensive 
vegetations  on  its  ventricular  surface,  and  three  small  aneurisms  (not  displayed  m  Fig.  25)  project 
towards  the  auricular  cavity.  The  chordje  tendinea?  of  this  cusp  are  invaded  by  many  small 
vegetations  and  the  smaller  chordae  are  boimd  together.  The  aortic  wall  is  normal,  the  coronary 
arteries  arise  normally. 


The  greater  part  of  the  margin  and  body  of  the  posterior  cusp  of  the 
aortic  valve  (Figs.  5  and  25)  is  converted  into  densely  calcareous  vegetations. 
The  left  and  right  anterior  cusps  are  united  into  a  single  pendulous  structure, 
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involved  by  firm  vegetations  almost  to  the  line  of  its  attachment.  No 
organisms  were  found  in  sections  of  these  vegetations.  Commissure  C  is  not 
adherent ;  here  the  valve  margins,  though  thickened,  are  free  from  vege- 
tation. Commissure  B  is  largely  destroyed,  though  the  two  smooth  remnants 
of  the  thickened  and  retracted  cusps  are  clearly  visible.  The  ridge,  before  its 
subdivision,  is  8  mm.  long.  In  the  top  transverse  sections  the  superficial  elastic 
laminae  of  the  media  are  already  replaced  by  fibrous  annulus  ;  the  media  is 
continued  deep  to  the  annulus  for  a  distance  of  7  mm.,  the  length  of  the 
ridge.  Outhnes  of  the  original  cusps,  their  elastic  layers,  are  clear  from  a 
point  5  mm.,  down  the  ridge,  and  onwards.  There  is  widespread  infiltration 
and  increased  vascularity  of  the  ridge  and  underlying  tissues.  Endarteritis 
obhterans  is  well  displayed  by  the  adventitial  vessels. 

Below  this  commissure  the  septal  endocardium  has  been  invaded  by 
minute  vegetations,  surrounded  by  an  area  of  thickened  endocardium, 
which,  at  its  lowest  point,  is  thrown  into  a  short  overhanging  fold.  Of 
commissure  A  there  are  but  traces  ;  an  irregular  ridge  ends  in  a  little  nodule, 
and  a  slight  ridge  is  then  continued  into  the  thickened  cusp.  These  remnants 
have  a  length  of  11  mm.  to  the  cusp,  and  the  maximal  depth  is  1  mm..  The 
base  of  the  cusp  where  the  ridge  joins  it  is  less  translucent  than  at  its  sides, 
and  a  band  of  thickening  appears  to  continue  a  few  millimetres  into  the 
cusp.  On  the  ventricular  side  the  line  of  the  cusp's  attachment  shows  a  small 
but  recognisable  break  opposite  the  ridge.  The  left  and  right  cusps  measure 
17  and  18  mm.  respectively,  the  posterior  measures  28  mm..  In  the  serial 
transverse  sections  the  medial  elastic  laminse  are  whorled  at  the  toii  of 
the  ridge  ;  they  soon  begin  to  become  sparser  in  the  deeper  layers  of  the  ridge, 
and  pure  annulus  is  encountered  at  the  level  of  the  Uttle  nodule  5  mm.  from 
the  top  of  the  ridge.  Superficially  the  media  overlaps  the  annulus  for  a 
further  distance  of  3  mm..  The  Uttle  nodule  consists  of  young  fibrous  tissue, 
lying  superficially  to  the  aortic  media.  Below  the  nodule  the  ridge  consists 
of  a  thickening  of  the  annulus,  and  is  continued  as  such.  The  adventitia 
underlying  this  ridge,  and  the  ridge  itself,  shows  sparse  infiltration.  The 
infiltration  of  the  media  is  confined  to  the  level  of  the  nodule,  and  below  it. 
In  the  lowest  sections  the  base  of  the  combined  cusp  is  cut  across  ;  it 
presents  the  usual  layers  passing  continuously  across  the  section  ;  both 
subendotheUal  layers  (sinus  and  ventricular)  are  thickened  by  connective 
tissue  elements,  wliich  have  been  laid  down  in  them. 

Thus,  this  commissure,  although  it  might  have  been  regarded  as  eroded 
and  healed  on  macroscopic  examination,  proves,  when  examined  histo- 
logically, to  be  a  congenital  malformation. 

The  last  seven  cases  {Cases  7-13)  all  illustrate  bicuspid  aortic  valves  of 
congenital  origin.  In  the  same  series  of  specimens  is  an  example  of  a  some- 
what different  kind.    It  is  shown  in  Figs.  5  and  26. 
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Case  14.    Fusion  (probably  inflammatory)  of  the  L.A.  and  R.A.  cusps  ; 

SUBACUTE    INFECTIVE    ENDOCARDITIS. 

G.  F.,  a  ser\ing  soldier,  aged  32,  was  admitted  to  hospital  on  March  the  Ifjth,  1919,  as  a 
case  of  infective  endocarditis.  Except  for  an  attack  of  rheumatic  fever  at  the  age  of  13,  he  had 
always  been  healthy.  He  enlisted  in  1916,  served  in  France,  and  remained  well  until  June,  1917, 
when  he  had  a  slight  attack  of  pyrexia  of  unknowni  origin.  A  year  later  he  again  developed 
pyrexia  with  cough  and  expectoration.  In  November,  1918,  he  complained  of  feeling  ill  with 
sleeplessness,  loss  of  appetite  and  severe  abdominal  pain,  and  later  <he  pjTexia,  cough  and 
expectoration  returned. 

On  admission  he  showed  no  signs  of  venous  congestion.  He  was  pale,  wasted,  and  had  a 
yellowish-brown  complexion.  The  spleen  was  palpable,  but  the  fingers  were  not  clubbed.  The 
pulse  was  of  water-hammer  type  and  the  heart  moderately  enlarged.  A  to  and  fro  murmur  was 
heard  at  the  base  and  a  diastolic  rumble  at  the  apex,  together  with  a  systolic  murmm-  and  thrill. 
The  Wassermann  reaction  was  negative  and  a  blood  culture  yielded  no  gro^vth.  No  tubercle 
bacilli  were  found  in  the  sputum.  The  red  blood  cells  numbered  4,000,000  per  c.mm..  The  urine 
contained  all)umen  but  no  blood.  The  temperature  remained  about  99"  Fahr.,  and  on  April  the 
12th  he  developed  a  left  hemiplegia.  This  persisted  until  he  died  on  May  the  9th,  after  having 
attacks  of  rectal  haemorrhage  for  several  days. 

Pathological  changes. 

The  right  Ir.ng  is  normal,  but  the  left  is  generally  adherent  to  the  parietal  pleura  and  at  the 
apex  is  shrunken,  and  contains  a  few  old  tuberculou.s  nodules.  The  liver  shows  fatty  degeneration. 
The  spleen  is  enlarged,  adherent  to  the  liver,  and  contains  three  recent  infarcts.  The  kiilneys 
are  deeply  injected,  show  fatty  degeneration,  but  are  not  infarcted.  The  iletim  is  deeply 
injected  for  about  one  foot  of  its  length  where  an  embolus  of  a  mesenteric  artery  is  fovmd.  The 
braiyi  shows  flattening  of  the  convolutions  of  the  right  side  and  the  right  ventricle  is  full  of  recently 
clotted  blood.  There  is  maceration  of  the  brain  tissue  in  the  region  of  the  optic  thalannis  and  the 
ruptured  vessel  cannot  be  traced.  A  culture  from  the  mesenteric  embolus  yields  an  impure 
growth  of  a  short  chained  streptococcus.  The  heart  is  enlarged,  the  ventricles  participating 
equally.  The  valves  of  the  right  heart  are  normal.  The  chordae  arising  from  the  posterior 
papillary  muscle  of  the  mitral  valve  are  buried  almost  completely  in  thick  casings  of  vegetation, 
which  join  up  with  other  vegetations  on  the  valve  margin.  The  valve  is  not  stenosed.  The 
wall  of  the  aorla  is  normal  and  the  coronary  arteries  arise  normally. 

The  aortic  cusps,  almost  equal  in  size,  are  extensively  diseased  (Figs.  5 
and  26).  The  margin  of  the  posterior  cusp  is,  for  the  most  part,  buried  in 
firm  nodular  vegetations,  which  extend  some  distance  down  the  ventricular 
surface  of  the  cusp.  A  large  mass  of  vegetation  of  similar  character  involves 
the  left  anterior  cusp  ;  there  is  a  small  mass  inside  commissure  C,  and  another 
on  the  free  margin  of  the  right  anterior  cusp.  Apart  from  thickening  of  the 
cusp  margins,  commissures  B  and  C  are  normal.  Commissure  A  is  curiously 
formed.  It  is  triangular  in  plan  and  in  transverse  section,  having  below  a 
breadth  and  depth  of  about  a  centimetre.  Its  depth  is  increased  by  the 
presence  of  a  smooth  and  rounded  cord  of  tissue,  which  is  attached  above 
and  below,  but  not  in  its  centre.  The  margins  of  the  left  and  right  anterior 
cusps  together  form  a  continuous  curve,  broken,  however,  by  a  depres.sed 
area  opposite  commissure  A. 

The  u^Ji^er  transverse  sections  through  this  commissure  show  a  collection 
of  dense  connective  tissue  infiltrated  with  hmesalts,  and  overriding  the 
aortic  media.  A  httle  lower  the  cord  becomes  free  ;  it  is  a  fibrous  strand, 
sheathed  completely  by  an  elastic  layer  and  subendothehal  tissues  ;  in  the 
main  fibrous  thickening  of  the  ridge  there  are  remnants  of  elastic  tissue,  but 
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few  signs  of  active  inflammation.  When  the  region  of  the  cusp  margin 
is  reached,  the  section  consists  mainly  of  dense  connective  tissue,  interspersed 
with  irregular  strands  of  elastic  tissue  and  areas  of  active  inflammation  ; 
the  infiltration  is  most  intense  under  a  superficial  vegetation.  The  distortion 
of  the  issue  layers  is  so  great  that  the  outUnes  of  original  structures  are  not 
definable. 

The  upjjer  jjart  of  this  commissure  resembles  those  fused  by  inflam- 
mation ;  the  free  strand,  with  its  complete  elastic  sheathing,  probably 
represents  one  of  the  original  cusp  margins,  perforated  or  possibly  naturally 
fenestrated  (as  in  Fig.  21,  commissure  C).  We  regard  the  structure  as  a 
whole  to  be  probably  the  product  of  inflammation,  though  it  is  not  possible 
to  state  quite  definitely  that  a  developmental  anomaly  is  not  also  concerned. 

The  recognition  of  a  congenilally  malformed  valve. 

The  specimens  described  in  this  section  of  our  paper  {Cases  5  to  14) 
were  all  taken  from  subacute  or  chronic  infective  endocarditis.  They  belong 
to  a  series  of  consecutive  postmortems  of  this  disease,  numbering  31  (Cases 
5  to  35)  of  Table  VI.  Every  fused  commissure  in  tliis  series  has  been  minutely 
examined  ;  and  we  have  described  in  detail  all  those  which  present  changes 
of  an  unusual  kind,  and  now  proceed  to  summarise  those  criteria  which 
enable  us  to  recognise  fusions  which  arise  as  congenital  anomahes. 

In  cases  where  the  valves  are  not  the  seat  of  subsequent  inflammatory 
disease,  congenitaUy  malformed  valves  are  usually  easy  to  recognise,  because 
the  normal  aspect  of  the  valve,  as  Launois  and  Villaret'-'^  express  it,  is 
maintained.  The  type  which  presents  two  complete  and  undivided  cusps 
of  approximately  equal  size,  the  less  common  variety,  is  identified  as 
congenital  most  readily.  But  where  endocarditis  subsequently  supervenes, 
the  nature  of  the  deformity  may  not  always  be  manifest. 

The  co7nmissure  affected.  An  analysis  of  past  records  (Table  II)  seems 
to  show  that  commissure  A,  that  which  stands  between  the  left  and  right 
anterior  cusps,  is  undeveloped,  or  but  partially  developed,  in  apj^roximately 
twice  as  many  instances  as  is  commissure  B,  and  that  commissure  C  is  only 
rarely  the  seat  of  a  congenital  anomaly.  Our  own  observations,  summarised  in 
Table  III,  agree  with  tliis  conclusion;  in  the  11  cases  wluch  we  have 
described  in  detail  {Cases  1  to  4,  and  7  to  13),  the  defect  occurred  7  times  in 
commissure  A,  and  5  times  in  commissure  B,  never  in  commissure  C.  To 
Table  III  we  have  added  our  instances  of  conspicuous  inflammatory  fusion.  If 
we  include  Case  14,  there  are  13  instances  of  fusion  {Case  18  being  excluded). 
Of  these,  6  show  fusion  of  commissure  A,  8  of  com.missure  B,  and  none  of  com- 
missure C.  The  relative  freedom  which  commissure  C  enjoys,  both  in  the 
congenital  and  inflammatorj'  series,  remains  unexplained. 

It  is  clear,  from  the  data  given,  that  while  a  prejjonderant  affection 
of  commissure  A  in  a  series  of  cases  would  speak  for  some,  at  least,  of  the 
lesions  being  congenital,  the  particular  commissure  affected  cannot  be  used 
in  any  given  case  as  a  criterion  of  its  pathology. 
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Subdivision  of  one  cu^s p.  The  absence  of  a  dividing  ridge  or  frsenum, 
and  the  absence  of  an  angular  break  in  the  sweep  of  the  larger  cusp's  line  of 
attachment,  have  been  used,^**  and  rightly,  as  arguments  favouring  a  con- 
genital origin.  With  less  reason,  the  presence  of  these  signs  has  been  urged 
as  an  argument  in  the  same  direction.  A  ridge  or  frajnum  partially  sub- 
dividing one  of  two  cusps,  and  an  angular  break  in  its  line  of  attachment 
can  be  used  only  to  argue  that  the  valve  was  not  laid  down  originally  as 
two  perfect  and  equal  cusps.  A  ridge  or  fra^num  may  indicate  imperfect 
development  or  it  may  indicate  inflammatory  fusion. 


TABLE   III. 

Aortic  measurements. 


15 
16 
17 
18 
19 
20 
21 
22 


Age. 


10  w. 
Adult 
31 


27 
35 
U 
32 
42 
38 
38 
49 
26 
50 


L.  A.  cusp. 


Congenit 

9-5  

31 

20  

51 

Congenital  fusion  and 

32     comb 
28 
34 

15  

£1-5  

20 

17  


ably  injlutnniulory  Jusio 

26  

Injlammutory  fusion  u/ 


20 

19-5 

23-5 

21 

18 

30 


Inflammatory 


R.  A.  cusp. 


al  fusio^i 

9  

37    comi 
20 

27 

infective  endocarditis. 

ined 

26  

25  

17-5 
24-5 
21 
18 


P.  cusp.  Total. 


n  and  infective  endocarditis. 

28 
d  infective  endocarditis 

20  


20-i 

23 

29 

30 

28 


20-5 
36 

fusion,  healed. 


24-5 
25 

18 


27 
68 
78 
107 


64 
74-5 
81 
63 


64-5 

61 

67-5 

67-5 

87 

78-5 

77-5 

70 

59 

94 


All  cases  incorporated  in  this  taljle  were  of  male  sex,  with  the  exception  of  Case  1,  in  which 
sex  is  unknowni.  The  cusps  were  measured  along  the  borders  of  the  sinuses  of  \'alsalva,  from  the 
centre  of  one  commissure  to  the  next.  The  partial  fusion  of  two  cusps,  i.e.,  separation  by  a  ridge 
only  or  by  a  septum  composed  of  fused  cusp  margins,  is  indicated  by  a  liorizontal  line  joining 
the  corresponding  cusp  measurements. 
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Form  of  the  dividing  line.  In  congenital  cases  the  dividing  line  is  usually 
marked  by  a  single  ridge,  1  or  2  mm.  in  depth,  2  or  3  mm.  broad,  and  having 
almost  parallel  borders  which  extend  from  the  border  of  the  sinus,  or  a 
little  below  it,  either  to  the  attachment  of  the  cusps,  well  on  to  the  cusp,  or 
to  its  margin.  Not  infrequently  this  ridge  divides  into  two,  or  sends  off 
two  lateral  subsidiary  ridges  just  above  the  attachment  of  the  cusps  (see 
Figs.  4  and  5),  and  these  diverge  and  proceed  for  a  variable  distance  on  to 
the  cusp.  The  main  and  subsidiary  ridges  are  smooth,  and  of  almost  imiform 
depth,  unless  they  have  subsequently  become  the  seat  of  inflammatory  or 
degenerative  processes.  Ridges  of  this  kind  have  always  proved,  in  so 
far  as  they  have  been  examined  in  detail,  to  result  from  congenital 
malformation. 

Size  of  cusps.  Deteindrei^  states  that  the  subdivided  cusp  of  congenital 
origin  is  larger  that  a  normal  cusp,  but  smaller  than  two  normal  cusps  ; 
a  statement  which  summarises  a  mass  of  evidence  and  opinion.  The  measure- 
ments in  our  own  cases  are  given  in  Table  III.  In  Cases  3,  4  and  10,  the 
combined  cusps  together  measure  only  a  little  more  than  the  remaining 
cusp.  In  Cases  9,  11  and  13,  the  difference  in  the  sizes  of  the  three  cusps  is 
less  conspicuous,  but  is  in  the  same  direction  ;  in  Cases  1,  8  and  12,  difference 
in  sizes  is  inconspicuous.  The  unaffected  cusp  is  always  larger  than  either 
part  of  a  combined  cusp.  In  the  remaining  two  cases  (Cases  2  and  7)  two 
undivided  cusps  were  equal  or  almost  equal  in  size.  The  usual  size  of  an  adult 
aortic  cusp  is  about  21  to  23  mm.  (see  Table  IV)  ;  the  inequality  of  cusps 

TABLE  IV. 

Aortic  measurements.     {Controls.) 


Age. 

Sex. 

L.  A.  cusp 

if.  A.  cusp 

P.  cusp 

Total. 

Cause  of  death. 

48 

M 

23 

32-5 

27 

82-5 

Acromegaly  (cor  bovmum). 

18 

M 

15-5 

21 

21 

57-5 

Pulmonary  tuberculosis. 

35 

M 

20 

25-5 

21 

66-5 

Encephalitis. 

14 

M 

14 

17 

17 

48 

Osteomyelitis. 

50 

F 

2() 

26 

19-5 

71-5 

Diabetes  mellitus. 

45 

K 

22 

25 

21-5 

08-5 

Abdominal  carcinoma. 

50 

F 

22 

21 

21 

04 

Carcinoma  of  uterus. 

45 

M 

21 

23 

20 

04 

Lobar  pneumonia. 

54 

F 

23-5 

25-5 

22 

71 

Sarcoma  of  uterus. 

37 

M 

21 

23-5 

19 

03-5 

Interstitial  nephritis. 

41 

F 

24 

22 

20 

00 

Ruptured  uterus. 

49 

M 

2ti 

25-5 

22-5 

74 

Duodenal  ulcer. 

44 

M 

24-5 

23-5 

24 

72 

Cerebral  haemorrhage. 

Averages 

21-7 

23-9 

21-2 

66-8 

which  are  fused  congenitally  is  usually  more  correctly  described  as  an  enlarge- 
ment of  the  unaffected  cusp,  rather  than  as  a  diminution  in  the  size  of  the 
fused  cusps.  In  inflammatory  fusion  inequahty  is  not  the  rule  ;  when  it 
occurs  the  largest  cusp  is  often  one  of  the  two  combined  cusps.  It  is  to  be 
observed,    however,    that   inequalities,    sometimes    gross    inequalities,    are 
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found  apart  from  fusion  (see  Case  18,  Table  III),  and  in  hearts  in  which  the 
valves  have  not  been  the  seat  of  disease  (the  first  and  second  cases  of  Table  IV). 

To  sum  up,  it  may  be  said  that  the  rule  stated  by  Deteindre  has  value, 
if  used  circumspectly. 

Architecture  of  the  cusps.  To  acquire  a  knowledge  of  a  bicuspid  valve's 
arcliitecture  is  the  most  eifective  method  of  differentiating  the  congenital 
type  from  that  formed  postnatally.  In  the  case  of  two  undivided  cusps  of 
congenital  origin,  each  has  the  complete  architecture  of  a  normal  cusp.  In 
the  case  of  partial  subdivision,  the  defective  commissure  has  pecuharities 
which  stamp  it  as  a  malformation.  The  union  of  aortic  media  and  annulus 
fibrosis  has  been  laid  down  abnormally:  the  media  joins  the  annulus  proper — 
meaning  by  annulus  proper  annulus  quite  free  of  elastic  fibres — at  an 
unusually  low  level ;  the  union  is  not,  as  in  the  normal  valve,  immediately 
in  the  neighbourhood  of  the  top  of  the  commissure,  but  usually  half  way 
down  the  commissure,  or  even  at  lower  levels  (see  Table  V).  Further,  the 
upward  projection  of  the  annulus  does  not  usually  run  superficial  to  the 
media,  when  the  two  layers  overlap  ;  it  runs  deep  to  it  ( Cases  1,  3,  8,  12  and  13) 
or  less  usually  the  junction  is  a  straight  or  an  almost  straight  one  {Cases  4  and 
10).  In  Cases  9  and  11  only  was  the  overlap  in  the  usual  direction,  and  in 
both  these  it  was  trifling  in  extent.  The  usual  direction  of  overlap  in  the 
congenitally  defective  commissure,  while  it  is  the  reverse  of  that  prevaiUng 
at  the  normal  commissure,  is  the  same  as  that  obtaining  in  the  normal  valve 
in  the  centre  of  the  cusp  (see  Fig.  6).  It  thus  hajjpens  that  the  media  descends 
the  commissure  superficially  to  a  much  lower  level  than  is  the  case  in  the 
normal  valve  ;  in  not  a  few  instances  it  descends  to  a  much  lower  level 
than  normal,  both  superficially  and  deeply. 

In  most  normal  commissures  just  above  their  beginnings,  the  elastic 
laminae  of  the  media,  though  wavy,  progress  luiinterruptedly  across  a 
transverse  section,  but  when  the  upward  prolongation  of  the  annulus  is 
about  to  be  encountered,  these  laminae  are  thrown  into  curious  whorls  over  a 
limited  area,  which  forms  the  actual  junction  of  media  and  annulus. 
Amongst  continuous  laminae  are  numerous  fibres  cut  obliquely,  or  at  right 
angles  (Figs.  6,  7  and  12  W).  In  other  instances  the  whorling  may  be  of  a 
more  disorderly  character.  At  the  sides  of  the  annitlus  the  elastic  elements 
tend  to  radiate  into  the  annulus  at  the  junction.  The  disturbance  of  the 
elastic  laminae,  which  we  term  whorling,  is  sometimes  more  extensive  in 
normal  commissiu'es,  especially  when  the  commissure  tends  to  be  jirolonged 
as  a  ridge  above  the  border  of  the  sinus  of  Valsalva  ;  the  elastic  tissue  of  this 
ridge  is  then  whorled.  In  congenitally  defective  commissures,  a  whorled  media 
is  often  much  more  extensive  and  is  found  to  constitute  the  chief  tissue  of 
the  ridge  many  millimetres  below  the  level  of  the  border  of  the  sinus.  As 
the  commissure  is  traced  downwards  the  elastic  elements  usually  begin  to 
thin  out  shortly  after  whorling  is  encountered,  though  this  is  not  always 
the  case  ;  nevertheless,  the  whorled  character  is  continued.  In  many  in- 
stances the  same  arrangement  is  seen  in  the  annulus  itself  for  some  distance 
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past  the  line  of  its  junction  with  the  attenuated  elastic  media  ;  so  that  it 
would  seem  as  if  the  whorhng  is  not  primarily  in  the  elastic  elements  but  in 
the  connective  tissue  supporting  them.  The  diminution  of  elastic  fibres  is  not 
infrequently  most  prominent  for  a  while  in  the  central  layers  of  the 
congenital  ridge,  as  this  is  traced  down  (as  displayed  in  Fig.  12  at  W),  an 
appearance  which  is  not  seen  in  normal  commissures  ;  for  in  these  the 
diminution  occurs  first  in  the  superficial  layers  of  the  media.  In  com- 
missures fused  by  inflammation  whorUng  may  be  in  evidence,  but  the 
whorled  tissue  occupies  the  position  of  that  found  in  normal  commissures, 
and  is  less  e.xterLsive  than  that  seen  in  the  malformed  commissure. 

The  subdividing  ridge  of  the  congenital  commissure  is  essentially  a 
projection  of  the  tissues  of  the  fibrous  annulus,  and  of  the  main  fibrous  layer 
of  the  valve  ;  so  are  the  subsidiary  ridges.  The  upper  portions  of  the  ridge 
are  probably  projections  of  the  connective  tissue  of  the  media.     The  out- 

T.\BLE    V.     Measurcmcnt/i  of  commissures. 
Congenital  series. 


Case 

Ridge  joins 

Pure 

Medial  elastic 

Overlap  of 

and 

cusps 

annulus 

laminae 

armulus  and  media 

commissure. 

attachment. 

begins. 

end. 

m  ram.. 

1  B 

6* 

6      deeply* 

7     superficially* 

1  reversed 

3  A 

14 

3       deeply 

12     superficially 

9  reversed 

4  B 

20 

13 

13 

0 

8  B 

10 

7-5  deeply 

1 0     superficially 

2o  reversed 

9  B 

9 

7-5  superficially 

8     deeply 

0-5 

10  A 

17-5 

9 

9 

0 

U   A 

15 

7      superficially 

8     deeply 

1 

12  A 

17 

0       deeply 

1 0     superficially 

4  reversed 

13  A 

13 

7       deeply 

1 0     superficially 

3  reversed 

Inflammatory  series. 


Case 

Pure  annulus 

Medial  elastic 

Overlap  of 

and 

Fusion  ends. 

begins 

laminae  end 

annulus  and  media 

commissure. 

superficial!}'. 

deeply. 

in  mm.. 

5  A 

7* 

2* 

6* 

i 

5  B 

12 

2-5 

6o 

4 

6  A 

9 

1 

10 

9 

8  C 

4 

0 

9 

9 

13   B 

8 

0 

7 

1,'>  A 

11 

3 

(> 

3 

10  B 

9 

2-5 

10 

7-5 

17  A 

1.5 

3 

9-5 

6-5 

29  A 

10 

3 

10 

7 

38  B 

14 

2-5 

10-5 

8 

*  In  tliese  cohnnns  the  distance  of  the  point  named  from  the  upper  border  of  the  sinus  is 
Riven  to  the  nearest  millimetre  or  half-millimetre. 
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growth*  of  the  annulus,  and  of  its  covering  layers,  to  form  the  commissural 
cusp  margins  appears  to  have  undergone  arrest  in  greater  or  lesser  measure. 
The  several  normal  layers  of  one  cusp  consequently  jiass  uninterruptedly 
into  those  of  the  second,  across  the  region  where,  normally,  the  com- 
missural space  would  break  them. 

It  is  to  be  remarked  that  in  the  past  foetal  endocarditis,  as  an  alternative 
cause  of  fusion,  has  frequently  confused  the  issue^-  ^^-  ^^-  •'^ '""'  ^^  ;  many 
cases  have  been  regarded  as  resulting  from  foetal  endocarditis,  notably,  in 
that  described  by  Monckeberg,'^'  a  case  closely  resembling  our  Case  1.  Some 
writers  have  even  gone  so  far  as  to  attempt  to  differentiate  on  a  purely 
macroscopic  basis  between  valves  malformed  and  those  fused  by  prenatal 
endocarditis.^  Of  recent  years  fcetal  endocarditis  has  been  regarded  less  and 
less  as  the  responsible  cause  of  congenital  defects, ''^  ""'i '-^^  generally.  There 
is  no  evidence  that  prenatal  endocarditis  produces  the  fusion  described  in  this 
article  ;  and  in  the  eleven  congenital  cases  which  we  have  stucUed  micro- 
scopically there  has  been  invariable  and  unmistakable  evidence  of  faulty 
building.  If  cusps  are  laid  down  in  normal  fashion,  and  subsequently  fuse, 
whether  prenatally,  or  postnatally,  traces  of  the  original  normal  arcliitecture 
would  be  found  in  the  region  where  the  union  has  occurred  ;  and  the  line  of 
supposed  union  could  not  be  comprised  of  layers  continuing  unbrokenly 
into  each  of  the  normal  layers  constituting  the  combined  cusp. 

Relation  of  infective  endocarditis  to  congenitally  bicuspid  aortic 
valves,  and  to  other  antecedent  valvular  defects. 

Incidence  of  infection  in  bicuspid  aortic  cases.  The  frequence  of  endo- 
carditis in  collected  cases  of  bicuspid  aortic  valves  has  been  commented 
upon  by  many  writers.  Amongst  Osier's  7  cases^'^,  2  manifested  recent 
infection.  Amongst  Babes'  5  cases"*,  2  and  perhaps  3  were  similarly  affected. 
Two  cases  illustrated  by  Perls^^  were  iniquestionable  cases  of  subacute 
infective  endocarditis  as  we  now  recognise  it,  and  many  others  of  this  class 
might  be  cited.  Amongst  de  Vries'  coUection'^'^  of  13  cases,  recent  endo- 
carditis was  present  in  no  less  than  6.  All  these  writers  comment  upon  the 
liability  of  bicuspid  aortic  valves  to  subsequent  inflammatory  disease.  That 
the  percentage  incidence  of  subsequent  endocarditis  amongst  such  cases 
is  a  high  one  is  not  in  doubt.  Of  the  33  cases  of  congenital  bicuspid  valve, 
analysed  in  Table  I,  only  three  cases  (5,  10  and  15)  are  stated  to  have  shown 
endocarchtis  ;  but  many  of  these  33  specimens  were  from  quite  young 
children.  In  the  whole  group  of  116  cases,  age  is  stated,  or  inchcated,  in  101. 
Of  32  cases  under  20  years  of  age,  3  or  9  per  cent,  showed  vegetations  at 
death  ;  of  69  adults,  16  or  23  per  cent,  are  stated  to  have  presented  vege- 
tations.    Thus,  it  seems  clear  that  23  per  cent,  of  all  subjects  possessing 

*  The  optional  view,  which  may  be  held  with  equal  justification,  namely,  that  the  aortic 
wall  expands  away  from  the  developing  cusp  margins,  which  are  not  necessarilj^  outgrowths 
from  it,  would  not  affect  the  trend  of  the  argument. 
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bicuspid  aortic  valves  acquire  infective  endocarditis  after  reaching  adult  life.* 
This  fact  calls  for  explanation  and  leads  us  to  conclusions  of  importance. 
How  does  the  congenital  malformation  predispose  to  infection  ?  Functional 
inefficiency  of  the  heart  can  hardly  be  called  to  account  in  this  instance,  as 
it  might  in  other  forms  of  congenital  malformation  in  wliich  endocarditis  is 
also  known  to  supervene  with  more  than  ordinary  frequence,  for  the  lesion 
from  the  functional  standpoint  is  trivial.  It  is  true  that  signs  of  regurgitation 
sometimes  manifest  themselves  in  the  uncomplicated  congenital  malady, 
but  regurgitation  is,  in  the  rule,  absent  or  shght ;  an  inconstant  or  sUght 
functional  defect  will  not  reasonably  explain  failure  in  the  defences  of  the 
body ;  it  does  not  explain  how  organisms  are  able  to  enter  the  blood  stream 
and  to  hold  their  own  there.  The  alternative  conclusions  appear  to  be 
either  that  the  organisms  enter  the  blood  stream  in  a  similar  percentage  of  all 
adult  subjects,  or  that,  associated  with  the  congenitally  malformed  valve, 
a  congenital  defect  in  the  general  defences  of  the  body  to  the  entry  of  organisms 
exists.  The  last  view  offers  no  attraction  ;  it  fails  to  explain  the  central  fact 
that  it  is  the  aortic  valve  which  becomes  the  seat  of  disease  ;  it  is  negatived 
by  the  -nddely  accepted  predisposition  of  valves,  the  seat  of  chronic  acquired 
disease,  to  similar  infections.  The  first  conclusion  is  the  true  one.  The 
entry  of  organisms  into  the  blood  stream  cannot  be  regarded  as  determining 
the  disease,  though  it  is  a  necessary  link  in  the  chain  of  events.  The 
determining  cause  is  the  defective  valve  which  in  some  way  traps  and  holds 
the  organisms  once  they  have  entered.  From  the  standpoint  of  pathology 
the  importance  of  the  bicuspid  valve  group  is  that  it  indicates  the  frequence 
with  which  innocuous  invasions  occur  amongst  the  general  population.  As 
infective  endocarditis  is  responsible  for  death  in  but  a  very  small  percentage 
of  adults  generally,  and  as  we  can  conclude  that  in  these  invasion  of  the  blood 
stream  is  a  common  event, f  we  are  forced  to  the  further  conclusion  that  such 
invasions  are  encountered  in  the  great  majority  of  instances  without  mishap. 
Relatively,  the  normally  developed  subject  is  highly  immune  to  the  disease, 
when  he  is  compared  with  the  bicusj^id  aortic  subject,  not  because  the  organisms 
entering  are  of  the  wrong  kind,  not  because  they  enter  in  insufficient  numbers 
or  possess  insufficient  virulence,  not  because  appropriate  general  defences  are 
called  into  play,  but  because  his  aortic  valve  presents  no  peculiar  susceptibihty 
to  the  lodgment  and  tenancy  of  organisms.  The  same  line  of  reasoning 
minimises  the  importance  of  so-called  primary  foci  of  local  suppuration  in 
this  group,  as  a  cause  of  established  endocarditic  infection. 

So  much  for  the  question  of  entry,  with  which  the  bicuspid  condition  of 
the  valve  has  nothing  to  do.  So  far  as  lodgment  is  concerned,  we  are  aware 
that  the  deformed  valve  forms  an  invariable  site,  almost  certainly  it  is 

*  The  true  percentage  is  probably  a  higher  one,  as  many  cases  of  bicuspid  aortic  valve,  when 
associated  with  subacute  infective  endocarditis,  are,  to  our  knowledge,  overlooked.  It  is  also 
to  be  noted  that  we  include  no  cases  in  the  collection  of  116  which  are  described  under  the  heading 
of  endocarditis. 

t  Meaning  that  it  occurs  in  many  adults. 


S  UBAC  U  T  E     I  N  F  E  C  T  I  V  E     E  N  D  O  C  AR  DI  T  IS.       71 

always  the  initial  site  of  valve  lodgment.  The  role  plaj'ed  by  the  bicuspid 
valve  is  that  it  provides  a  suitable  trap  for  organisms  which  apparently  enter 
the  blood  stream  not  infrequently. 

These  are  the  conclusions  at  which  we  arrive  when  we  consider  the 
incidence  of  infective  endocarditis  in  the  group  presenting  a  bicuspid  aortic 
valve  ;  but  when  the  relation  is  viewed  from  this  standpoint  alone,  and  the 
accepted  rarity  of  the  congenital  defect  is  borne  in  mind,  the  full  significance 
of  the  association  is  not  displayed. 

Incidence  of  the  bicusind  valve  in  subacute  infective  endocarditis.  If  we 
approach  the  problem  from  the  opposite  angle  and,  confining  ourselves  to 
subacute  infective  endocarditis,  ask  how  often  bicuspid  valves  of  congenital 
origin  are  encountered  in  this  disease,  an  equally,  if  not  more,  important 
relation  is  estabhshed.  The  specimens  which  have  been  described  were 
taken  from  31  consecutive  postmortems  ujjon  patients  dying  of  this  form  of 
endocarditis,  and  these  are  summarised  in  Table  VI.  Amongst  the  31  cases 
certainly  8  (or  26  per  cent.),  and  perhaps  9  (Case  14),  presented  congenitally 
bicuspid  valves.  If  we  exclude  from  the  total  those  cases  in  which  the 
aortic  valves  were  only  slightly  affected,  or  escaped  infection,  then  we  have 
to  deal  \Wth  20  cases,  and  the  incidence  of  bicuspid  valves  is  40  i^er  cent. 
This  remarkable  figure  may  actually  prove  to  be  higher  or  lower  than  that 
wliich  truly  represents  the  relation  ;  but  that  it  does  not  depart  widely 
from  the  true  value  we  feel  assured  from  our  past  experience  of  subacute 
infective  endocarditis  ;  for  we  were  imjDressed  by  the  frequent  incidence  of 
fusion  which  we  now  recognise  to  be  the  commonest  congenital  type  in 
autopsies  antedating  this  particular  collection.  Our  observations  are  also 
supported  by  those  of  Beneke'^",  who  states  that  in  cases  of  subacute 
infective  endocarditis  observed  during  the  war  quite  a  high  percentage 
showed  fusion  of  the  right  and  left  anterior  cusps  of  the  aortic  valves  ;  he 
argues  from  the  last  fact  that  the  fusion  was  congenital,  and  that  it  had 
predisposed  the  subject  to  infection*.  Further,  we  have  inspected  several 
collections  of  subacute  endocarditis  specimens,  and  find  the  bicuspid  valve 
to  be  frequent  amongst  them.  Thus  of  16  specimens  in  the  museum  of  the 
Royal  College  of  Surgeons,  London,  which,  judged  from  the  lesions  they 
present,  appear  to  be  undoubted  cases  of  subacute  infective  endocarditis,  no 
less  than  7  certainly,  and  perhaps  8,  show  fusion  of  two  cusjjs  similar  to  those 
ascertained  to  be  congenital.  Of  these,  1  specimen  presents  complete  fusion 
and  6  present  partial  fusion.  In  the  same  collection  a  seventeenth  case, 
which  is  probably  from  a  subacute  infective,  also  shows  a  bicuspid  aortic 
valve.  Of  the  17  cases,  11  cases  show  heaviest  involvement  of  the  aortic 
valve  or  equal  involvement  of  aortic  and  mitral  valves  ;  the  8  instances  of 
congenitally  fused  cusps  occur  exclusively  in  the  last  group.  This  collection 
is  of  particular  value  in  that  the  specimens  were  nearly  all  placed  in  the 

*  Kaboth's  dissertation,  in  which  Beneke  states  these  observations  were  recorded  at  length, 
is  not  available  to  us. 
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TABLE  VI. 

Summary  of  lesions  in  31  cases  of  subacute  infective  endocarditis  in  nude  subjects 
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slightly  ;    v.sl.  =  very  slightly. 


museum  manj'  years  ago  ;  tliey  were  not  placed  there  because  of  the 
bicuspid  state  of  the  aortic  valve  which  does  not  figure  in  the  catalogue 
notes  ;  they  stand  in  the  section  of  endocarditis  exclusively.  Dr.  Hubert 
M.  Turnbull  has  very  kindly  shown  us  7  unselected  hearts  from  patients 
dying  of  subacute  infective  endocarditis  recently  at  the  London  Hospital. 
In  all  these  cases  the  aortic  valve  was  heavily  involved  by  the  disease  ; 
and  in  3  of  the  specimens  a  bicuspid  condition  of  the  valve,  of  congenital  form, 
existed.  Dr.  Turnbull  tells  us  that  the  frequent  association  between  infective 
endocarditis  and  fused  aortic  cusps  has  been  remarked  upon  by  Dr.  W.  W. 
Woods  in  his  laboratory. 


*  In  this  column  the  letter  A  or  B  indicates  the  commissure  fused  congentially. 

t  The  heart  of  this  patient  has  not  been  examined  histologically  because,  prior  to  our  beginning 
these  studios,  it  had  been  set  up  as  a  museum  specimen.  The  fused  commissure  is  almost  identical 
in  appearance  with  that  of  Case  10. 
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If  these  figures  can  be  regarded  as  at  all  representative,  the  first 
conclusions  to  be  derived  from  these  observations  are  that  in  cases  of  subacute 
infective  endocarditis,  in  which  the  aortic  valve  is  more  than  slightly 
affected  (a  group  presumably  including  all  those  in  which  this  valve  is 
primarily  involved),  a  congenital  defect  of  the  valve,  almost  as  often  as  not, 
is  tFie  determining  cause  of  the  disease  ;  and  that  in  the  disease  treated 
without  quahfication  a  congenital  malformation  of  one  valve  is  responsible 
for  the  final  disease  in  a  quarter  of  the  cases,  if  not  in  a  greater  propoi'tion. 
The  last  figure  we  give  with  some  reserve,  in  that  heavj'  involvement  of  the 
aortic  valve  may,  perhaps,  be  overrejiresented  in  our  series.  Thus 
Libman's*^^  proportion  for  involvement  of  the  aortic  valve  is  less  than  our 
own. 

Antecedent  defects  of  the  valve  as  a  determining  cause  of  subaciUe  infective 
endocarditis.  We  have  arrived  at  the  conclu,sion  that,  in  a  very  aj^preciable 
number  of  subacute  infective  endocarditis  cases,  neither  the  strength  nor 
the  quantity  of  the  poison  introduced  into  the  system,  nor  weakness  in  the 
general  defences  of  the  body,  determine  the  disease.  The  disease  is  determined 
by  an  antecedent,  local,  valvular  defect.  This  conclusion  aj^proaches,  if  it 
does  not  reach,  finality  for  the  group  considered  ;  the  lesion  \^ith  which  we 
are  dealing  is  manifestly  congenital ;  the  conclusion,  therefore,  founds 
itself  upon  a  demonstration,  not  upon  an  opinion. 

Now,  so  far  as  infective  endocarditis  is  concerned,  the  subacute  variety 
of  the  disease  may  be  regarded  as  of  a  distinctive  kind.  It  is  peculiar  in 
that,  while  running  a  fatal  course,  this  course  is  remarkably  j)rotracted.*  The 
virus  having  gained  a  foothold  is  for  long  periods  lethargic  ;  the  sympto- 
matic reactions  of  the  patient  to  this  virus  are  inconspicuous  in  all  but  the 
terminal  stages  of  the  disease  ;  the  tissues  react  locaUj',  and  manifest  abun- 
dant signs  of  partial  heahng,  though  healing  in  the  complete  sense,  such 
healing  as  would  extirpate  the  disease,  is  scarcely  known  to  occur.  This 
liistory  of  the  disease  in  the  individual  case  is  the  history  of  a  long  drawn 
struggle,  in  which  fluctuating  improvements  in  the  well-being  of  the  patient 
often  appear,  and  in  which  often  enough  the  end  actually  comes  through 
such  an  accident  as  embohsm,  or  through  an  intercurrent  infection,  or 
through  renal  deficiency.  This  picture  contrasts  with  the  remaining  forms 
of  infective  endocarditis  ;  in  these,  the  symptoms  of  poisoning  dominate  ; 
the  course  is  short,  local  evidences  of  healing  are  almost  absent,  and  the 
patient  sinks  steadily  and  rapidly. 

Consider  the  pathology  of  the  first  type  of  malady  as  a  general  pro- 
position ;  we  know  httle  enough  of  it,  it  is  true  ;  but  it  has  been  shown 
that  in  an  appreciable  number  of  the  cases  the  i^athology  is  pecuUar  in  that 
the  disease  is  determined  by  a  local  defect.    That  is  almost  certainly  not  the 

*  In  this  respect  it  is  to  be  obser\-ed  that  the  histories  of  the  eases  now  published  are  deficient 
and,  therefore,  unrepresentative.  A  minimal,  but  not  a  maximal,  period  for  the  course  has  been 
determined  in  each  case. 
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case  for  the  second  or  acute  type.  We  can  find  no  evidence,  tliough  we 
liave  searclied,  of  any  jjarticular  predisposition  of  bicuspid  aortic  cases  to 
acute  endocarditis*  ;  and,  as  is  well  known,  the  last  lesion  is  often,  if  not 
usually,  but  a  jiart  of  a  more  widely  distributed  disease,  a  pneumococcal 
or  staphylococcal  jwocess  for  example,  of  which  the  original  site  of  the  entry 
is  evident.  By  common  consent  the  subacute  disease  is  in  an  overwhelming 
majority  of  cases  streptococcal,  and  the  primary  site  of  the  body's  invasion 
is  obscure.  Again,  while  acute  endocanlitis  not  infrequently  affects  the 
valves  of  the  right  heart,  the  subacute  disease  almost  confines  itself  to  the 
chambers  of  greater  strainf. 

Since  it  apjiears  to  be  the  case  that,  in  the  bicuspid  aortic  group,  a 
peculiar  pathogeny  is  associated  with  a  jiccuUarly  insichous  course,  the 
more  general  conclusions,  that  peculiar  pathogeny  and  pecuhar  course  are 
directly  related,  and  that  all  cases  of  the  subacute  disease  are  determined 
in  a  similar  fashion,  cannot  avoid  very  full  consideration.  The  final  demon- 
stration that  a  congenital  malformation  determines  the  cUsease  in  a  by  no 
means  negUgible  jiroportion  of  subacute  infective  endocarditis  cases,  in  view 
of  these  possibilities,  throws  antecedent  defects  in  the  valves  temporarily 
into  the  foreground  of  the  more  general  discussion.  In  speaking  of  a  relation 
between  the  pathogeny  and  course,  we  have  in  mind  such  a  possibility  as 
the  following.  The  organisms  are  organisms  to  which  the  body  is  already 
accustomed  before  they  attack  the  valve  ;  relative  to  the  general  defences 
of  the  body  they  are  not  of  a  high  grade  of  virulence;  in  the  fight  for 
dominance  there  is  almost  a  balance  between  the  virus  and  the  defence, 
and  it  is  only  because  the  valve  offers  to  the  organisms  a  suitable  redoubt 
that  they  are  able  to  entrench  and  to  estabhsh  themselves.  If  this  con- 
ception truly  represents  the  beginning  of  the  disease,  then  the  subsequent 
peculiar  course  would  become  more  intelligible. 

A  succeeding  investigation  should  further  ex2)Iore  those  cases  of 
subacute  infective  endocarditis,  in  which  a  bicuspid  aortic  valve  is  not  found  ; 
a  group  which  still  holds,  perhaps,  three  quarters  of  the  cases.  For  example, 
it  is  conceivable  that  minor  congenital  defects,  more  easily  overlooked  than 
those  with  which  we  have  been  dealing,  may  contribute  their  quota,  and 
such  defects  would  not  necessarily  he  in  the  aortic  valve.  We  are  inchncd, 
however,  to  reject  the  last  as  improbable.  The  congenital  defect  in  the  aortic 
valve  is  essentially  in  the  commissure,  as  has  been  shown  ;  yet  it  is  not  the 
commissure  which  is  attacked  by  the  disease  ;  it  is  the  rule  that  the  lines 
of  apposition  of  the  cusps,  and  later  the  bodies  of  the  cusps,  are  the  chief 
seats  of  disease.  It  is  difficult,  therefore,  to  hnk  up  the  point  of  attack  with 
the  point  at  which  the  congenital  defect  is  concentrated.     It  seems  more 

*  In  so  far  as  Oio  group  of  110  collected  cases  are  concerned  the  case  reports  rarely  allow  us 
to  distinguish  the  vjwinty  of  endocarditis  when  this  was  foimd.  We  rely  for  our  present  state- 
ments upon  our  own  observations. 

t  Wo  are  net  personally  conversant  with  subacute  disease  occurring  in  the  right  heart,  apart 
from  defects  in  the  septum  between  the  right  ami  left  chambers,  though  it  is  possible  that  it 
happens  on  occasion. 
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probable  that  the  defect  predisposes,  not  in  virtue  of  the  manner  in  wliicli 
it  originates,  but  in  virtue  of  secondary  changes  whicli  it  brings  in  its  train. 
By  the  time  adult  life  is  reached,  most,  if  not  all,  of  these  malformed  valves 
are  thickened  at  their  margins  or  more  generally,  perhaps  they  arc  more 
vascular  than  normal  valves. 

If  these  secondary  changes  in  reality  predispose  the  valve  to  infection, 
such  a  fact  would  form  a  connecting  link  between  the  susceptibility  of  the 
malformed  valve  on  the  one  hand,  and  that  of  the  valve  which  is  the  .seat  of 
antecedent  acquired  disease  on  the  other. 

That  antecedent  acquired  disease  predisposes  to  subacute  infective 
endocarditis  is  well  recognised,  but  we  are  yet  far  from  kno\\ing  accurately 
the  numerical  relation.  Of  those  cases  in  our  series  of  31,  in  which  a  con- 
genitally  bicuspid  aortic  valve  was  not  foinid,  2  presented  syphilitic  aortitis 
{Cases  25  and  26,  Table  VI)  ;  in  other  instances  the  histories  and  lesions  were 
compatible  with  healed  rheumatic  endocarditis.  In  the  remainder,  old 
thickening  of  the  valves,  at  points  unaffected  by  vegetations,  was  invariable. 
There  would  be  no  difficulty  in  preparing  a  case,  based  largely  upon  opinion, 
which  would  represent  a  large  nvmiber,  if  not  all,  of  these  valves,  as  being 
previously  diseased.  When,  however,  we  come  to  study  in  detail  the  morbid 
anatomy  and  histologj-  in  the  non-congenital  cases  of  our  series,  we  find 
ourselves  too  often  unable  to  state  with  certainty  the  extent  to  which  the 
changes  represent  damage  antecedent  to  the  subacute  infection,  and  to  what 
extent  they  represent  local  healing,  or  .secondary'  thickening,  during  the  course 
of  the  final  malady  itself,  a  point  to  which  attention  has  been  drawn  earlier 
in  our  paper  ;   an  expression  of  opinion  on  such  matters  does  not  suffice. 

While  the  conclusions  drawn  in  respect  of  the  bicuspid  aortic  valve 
group  appear  to  us  to  be  drawn  with  finality,  similar  conclusions  in  respect 
of  antecedent  acquired  di.sease  cannot  be  drawn  with  finalitj'  in  the  present 
stage  of  knowledge.  Nevertheless,  we  feel  ourselves  attracted  towards  the 
more  sweeping  conclusions,  and  make  this  confession  in  the  hope  of  stimu- 
lating further  and  exact  observations  directed  towards  the  proof  or  disproof 
of  the  suggestions  put  forward. 

Summary  and  conclusions. 

1.  The  normal  structure  of  the  aortic  valve,  and  especially  the  relation 
of  the  aortic  media  to  the  annulus  fibrosus,  is  described. 

2.  Four  cases  of  congenitally  bicuspid  aortic  valves,  and  seven  further 
cases  associated  with  subacute  infective  endocarditis,  are  described  in 
detail  and  past  records  of  bicuspid  aortic  valves  are  analj^sed. 

3.  The  criteria  differentiating  congenital  from  inflammatory  fusion  are 
discussed,  and  defined. 

4.  Bicuspid  aortic  valves,  formed  antenatally,  are  malformations ; 
it  is  not  known  that  thej^  can  result  from  foetal  endocarditis. 


76  T .     LE  W  IS     AND     R.     T.     GRANT. 

5.  Amongst  males  reaching  adult  life,  and  possessing  congenitally 
bicupsid  aortic  valves,  23  per  cent,  at  least  die  of  active  endocarditis. 

6.  In  an  unselected  series  of  31  cases  of  subacute  infective  endo- 
carditis, 26  per  cent,  presented  a  congenitally  bicuspid  condition  of  the 
aortic  valves  ;  amongst  those  of  the  31  cases  in  which  the  aortic  valve  was 
more  than  slightly  involved  by  vegetations,  40  per  cent,  presented  the 
bicuspid  malformation. 

7.  If  these  figures,  and  others  used  in  support  of  them,  may  be  taken 
as  representative,  or  nearly  representative,  it  follows  that  a  congenitally 
bicuspid  aortic  valve  often  determines  subsequent  subacute  infective  endo- 
carditis, and  especially  so  in  cases  in  which  the  aortic  valves  are  first  involved 
by  this  disease. 

8.  We  conclude  that  in  a  by  no  means  neghgible  proportion  of  cases 
of  subacute  infective  endocarditis  the  facility  which  which  the  organisms 
concerned  enter  the  blood  stream,  their  numbers  and  their  virulence,  are 
not  factors  of  prime  consequence.  In  this  same  group,  neither  the  presence 
of  local  foci  of  infection  nor  weakness  in  the  body's  immunising  defences, 
before  the  organisms  invade  the  blood  stream  and  obtain  a  foothold  in  the 
valves,  can  be  regarded  as  important  contributory  causes  of  the  disease.  The 
determining  cause  is  a  susceptibility  of  the  valve  ;  the  invasion  by  organisms 
is  almost  physiological.  We  susj^ect,  though  we  are  not  yet  able  to  prove, 
that  these  same  conclusions  may  apply  to  all  cases  of  subacute  infective 
endocarditis. 

We  are  indebted  to  Dr.  C  W.  Goodhart  for  all  blood  examinations 
included  in  this  report. 
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.  7  ( t'oic  39).  Projection  drawing  of  a  transverse  section  tlirongh  tlie 
ujjper  part  of  commissure  B  (  x  20),  fused  into  a  low  fro^iium  through- 
out its  length  by  healed  rheumatic  endocarilitis.  From  a  boy  of  14 
yeais,  who  developed  aortic  regurgitation  following  an  attack  of 
chorea  and  subsecjuent  rheumatic  fever  2  years  Itefore  death.  The 
drawing  illustrates  the  junction  of  the  aortic  media  (  A.m.)  with  the 
annulus  fibrosus  {  j4.J^.)  and  shows  the  normal  \ipward  projection  of  the 
latter.  Remnants  of  the  fibrous  layers  {F.L.)  and  of  the  sinus  elastic 
{s.c.)  and  ventricular  {  V.e.)  layers  of  the  cusps  are  pl.tiidy  visible. 
,§.«.  =  thickened  sinus  suV)endothelial  layer.  In  this  and  succeeding 
sections  the  elastic  tissue  is  most  deeph-  stained. 


I).  Projection  drawing  of  a  section  through  the  centre  of  the  right 
anterior  cusp  (  x  20)  of  a  normal  heart  :  to  show  the  chief  com- 
ponents of  the  valve  and  the  relation  of  the  annuhis  fibrosus  (A.F.) 
to  the  aortic  media  (  .4.?n.).  Ad.  =  aortic  adventitia.  C.L.  =  central 
layer  of  valve,  continued  from  7,  the  intermediate  layer  or 
■■  Zwischenschicht."  M  —  ventricular  muscle,  s.  =  ventricular  svib- 
elastio  layer,  s.e.  =  sinus  elastic  layer.  V.e.  =  ventricular  elastic 
layer.      V.Se,  =  ventricular  subendothelial  layer. 
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.  8  (Case  1).  Peacock's  case.  A  retouched  photograph,  twice  natural  size.  Commissures 
A  and  B  are  fused,  C  is  normal.  L.  A.  and  R.  A.  and  P  =  left  and  right  anterior  and 
posterior  cusps  respectively.  if.  C.  =  mouth  of  right  coronary  artery,  i  =  incisure  at  end 
of  commissure  B.  If  and  //  =  folds  l>inding  the  end  of  commissure  .4,  (■and/=  main 
ridge  and  subsidiary  fold  of  commissure  B.  In.  =  innominate,  Ca.  =  carotid  and  .s'.  = 
subclavian  arterj'.  The  retouching  of  this  and  succeedmg  photographs  has  been  done  with 
close  attention  to  the  origmal  specimen  and  only  to  remove  photographic  defects. 


Fig.  9  (Case  \).  i'rojei-tion  drawhig  of  a  transverse  section  of  commissure  B  along  the  line 
shown  in  Fig.  8  {  x  40).  A.m.  =  aortic  media.  Ax.f.  =  annulus  fibrosus.  /.  =  small  fokl 
showni  in  Fig  8  /.  /./.  =  fibrous  layer  of  valve.  M  =  muscle  of  vontiicle.  s.e.  =  sinus 
elastic  layer.  S.s.  =  sinus  subendothelial  layer.  V.e.  =  ventricular  elastic  layer.  I'.*.  = 
ventricular  subendothelial  layer,    r  =  main  ridge  (see  Fig.  8  r). 
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.  10  {Cti.se  3S).  Projection  drawing  of  a  transverse  section  through  a  fused  aortic  ooinniissure 
(commissure  B  {  ■,  151).  The  patient,  a  man  of  38  years,  died  of  appendix  abscess.  The 
heart  was  not  enlarged  and  the  lesion  in  the  aortic  valve  was  evidently  inflammatory  and  of 
old  standing,  producing  no  symptoms  during  life.  The  commissure  was  fused  throughout 
its  whole  length,  the  corresponding  cusps  being  separated  by  a  single  deep  fra^num.  '1  he 
section  chosen  as  an  illustration  is  low  enough  to  pass  througn  the  upward  projection  of  the 
ventricle  into  the  commissure.  The  ventricular  elastic  layer  (v.e.)  lining  this  cavity  on  three 
sides  is  continued  into  the  fused  cusps  aud  does  not  surround  the  ca%"ity  (as  in  fig.  9). 
Remnants  of  the  filjrous  layers  of  the  two  cusps  {  F.L.)  are  distinct,  and  these  are  sheathed 
by  the  sinus  («.c.)  and  ventricular  elastic  (i'.e.)  layers.  The  cusps  are  cemented  by  firm  con- 
nective tissue  formed  in  the  welded  ventricular  subendothelial  layers  (  V.Se.).  At  the  base 
new  and  irregular  elastic  fibres  (e)  liave  developed. 
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Fig.  11  ((V/sc3).  Projection  drawing  of  a  tra-iKVerse  sention  (  ■  lOtl)  not  fai  fioni  tlie  niiii-giii 
of  the  combined  cnsp,  and  including  the  continuation  of  the  n  ain  ridge  (c  of  Kig.  1.5). 
m.r.  =  main  ridge.  /./.  =  filirous  layer  of  combined  cusp.  -s.e.  =  sinu.s  elastic  layer. 
V.r.  =  ventricular  elastic  layer,  and    V'Se.  =  thickened  %'entrioular  :iubendothelial  layer. 


Kig.  12  (Case  8).  Projection  drawing  of  a  transverse  section  of  commissure  B,  about  T-.")  nun. 
Iielow  the  border  of  the  sinus  (  x  2.5).  A.m.  =  aortic  media,  which  is  whorled  (H'j  and 
swollen  to  form  the  main  ridge  of  the  commis.sure.  .4.  F..  the  top  of  the  aniudus  fibrosiis,  is 
appearing  deep  to  the  media.      Ail.  =  aortic  ads'cntitial  layer. 
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Fig. 


13.  (Case  6).  Projection  dra-n-ing  of  a  vertical  section  (  x  17)  through  the  centre  of  com- 
missure .4,  Fig.  18.  Ad.  =  adventitia  of  aorta.  A.F.  =  annulus  fibrosus.  A.m.  =  end 
of  aortic  media.  B.  V.  =  tissue  forming  tlie  base  of  tlie  vegetations.  C  =  end  of  fused 
commissiu-e.  e  =  new  elastic  fibres,  f.b.c.  =  fresh  blood  clot.  M  =  ventricular  nuisele. 
V  =  fresh  vegetations.  V.e.  =  ventricular  elastic  layer.  V.sc.  =  ventricular  subeiulo- 
thelial  layer,  recently  thickened. 
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Fig.  14  (Ctifie  2).  A  photograph  of  the  aortic  valve  (  >:  9/10),  sliowing  a  ooiigeiiitally  liiscupid 
condition.  In  this  and  succeeding  figvu-es  the  corresponding  cominissures  are  marked  .4.  B 
and  C  ;  the  right  and  left  eoronary  vessels  if.  C.  and  L.  C,  respectively,  and  the  left  and  right 
anterior  and  posterior  cusps,  L.  A.,  R.  A.,  and  P.,  respectively. 


Fig.  15  (Case  3).  A  natural-sized  photograph  of  a  congenitally  liicusjiid  comn.issurc.  The 
conibined  commissure  has  been  cut  in  opening  the  aortii  ;  it  was  parth'  sulidi\"ided  hy  the 
ridge  r.     J  is  a  sul>endothelial  thickening  of  the  posterior  cusp  and  base  of  the  mitral  \  ahe. 
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.  Ui  (('(/.«•  4).  A  natural-sized  pliotograph  of  a  congeiiitally  liicus]iiil  aortic  val\e.  Tlio 
if.  .-1.  and  I'  cusps  are  comliined,  the  imperfect  commissure  lieing  represented  liy  tlio 
ridge  r.  Tliis  ridge  and  the  hues  of  attachment  of  the  L.  A.  eusj)  are  calcified  {d.  and  c). 
The  end  of  another  calcareous  deposit  is  seen  at/. 


Fig.  17  {Case  .')).  A  photograph  of  the  aortic  valve  (x  5/U)  m  a  case  of  .suliacute  mfeclive 
endocarditis.  Commissures  A  and  B  are  fused.  6  =  a  small  bridge  of  new  connective 
tissue  joining  the  adjacent  cusps.  V  =  vegetations  on  the  septum.  j>-  is  a  fold  of  thickened 
endocardium. 
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Fig.  18  {('««(!  (1).  A  photograph  of  the  aortic  valve  (a  little  more  than  natiiral  si/.e)  in  a  case  nf 
subacute  streptococcic  endocarditis.  Showing  a  fused  commissure  A  and  a  complete  shelf 
offirmvegetaHonslieneath.it.       1'        \  i-l'iI.h  mos  (hi  mitral  valve. 


Fig.  19  (C'asa  7).  A  photograph  slight l\  i.  ^>  nn:,  n. aural  size,  showing  a  congenitall\  liicuspid 
aortic  valve  and  subacute  infective  endocarditis.  .4'  and  .4-  are  aneurisms  of  the  sinus. 
/  =  small  fissure  in  the  sinus  wall. 


Fig.   20  (Case  8).     A  congenitally  bicuspid  aortic  valve,  shown  in  the  photograph  at  a  little  les 
than  natural  size.     The  valve  is  the  seat  of  old  standing  calcareous  vegetations. 
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Fig.   21    {Case  9).      A  congenitall>'  bicuspid  aortir  valve,  sliown  a  little  more  than  natiiral  .size. 
The  margins  of  the  valve  are  the  seat  of  numerous  firm  vegetations,     a  =  aneiuism  of  sinus. 


Fig.   22   (Case   lU).     A  natural-sized  photograph  of  a  oongenitally  bicuspid  aortic  valve,  affec-ted 
b\-  sul-iacute  infective  endocarditis,     f,  J  =  fissures  in  the  aortic  wall. 
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Fig.  2.'i   (tVi.vc    11).     A  |>liot<;if;i'aph  (       4  5)  of  a  congenitally  bicuspid  aortic  valve.     Tlie  defective 
commissure   .-1  is  calcified,  the  valve  margins  are  the  seat  of  siiljacute  infective  endocarditis. 


Fig.   24  {('(ISC   12).      .-^  natural-sized  photograph  of  a  congenitally  bicuspid  aortic  valve  afl'ected 
1)3"  subacute  infective  endocarditis.      The  sinuses  are  eroded  i>\  recent  disease. 
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Fig.  25  {Case  13).     A  natural-size  photograpli  of  a  congenitally  bicuspid  aortic:  valve.      It 
the  .seat  of  numerous  firm  and  calcified  vegetations. 


Fig.  26  {Case  14).  Photograph  of  the  aortic  valve  in  a  case  of  subacute  infective  endocarditis, 
a  little  less  than  natural  size.  Commissure  A  is  f\ised,  probably  as  a  result  of  inflammatory 
disease. 


THE    CAUSATION    OF    EXTRASYSTOLIC    IRREGULARITIES    OF 

THE    HEART     BEAT,     WITH     SPECIAL     REFERENCE     TO     THE 

HYPOTHESIS   OF   PARASYSTOLE.* 

By   C.  C.   ILIESCU  (Bucarest)  and  A.    SEBASTIANI  (Rome). 
(From  University  College  Hospital  Medical  School,  Lojidon.) 


In  a  series  of  recent  papers  Kaufmann  and  Rothberger  have  undertaken 
a  detailed  analysis  of  certain  extrasystolic  irregularities,  and,  upon  the  basis 
of  this  analysis,  have  come  to  a  conclusion  which,  if  true,  would  be  funda- 
mental so  far  as  our  conceptions  of  these  extrasystolic  irregularities  of  the 
heart  are  concerned. 

This  view  is  not  an  entirely  new  conception,  having  been  put  forward, 
though  in  slightly  different  form,  by  Fleming.^  It  is  that  the  isolated 
extrasystole  is  a  response  to  one  impulse  of  a  more  or  less  rhythmic  series. 
The  hyi^othesis  of  Fleming  and  of  Kaufmann  and  Rothberger  differ,  however, 
the  former  regarding  the  extrasystohc  rhythm  as  slower  than  that  of  the 
natural  heart  beat  and  analogous  to  or  identical  with  the  so-called  idio- 
ventricular rhythm  of  complete  heart  block,  the  latter  regarding  it  as  faster 
than  the  natural  heart  beat  and  analogous  to  or  identical  with  the  rhythm 
of  paroxysmal  tachycardia.  It  is  with  the  last  conception  and  with  this 
alone  that  we  shall  deal. 

Before  proceeding  to  describe  this  hypothesis  of  Kaufmann  and 
Rothberger  more  fully,  it  must  be  emphasised  that  these  writers  have  not 
as  yet  apphed  it  as  an  explanation  to  all  cases  of  extrasystohc  irregularity, 
but  to  only  a  minority  of  such  cases.  Thus,  there  is  a  common  form  of  extra- 
systohc irregularity,  in  which  premature  beats  arising  in  the  ventricle  are 
accurately  coupled  with  the  regular  beats  at  equal  intervals  in  the  curve, 
as  for  example  in  perfect  instances  of  so-called  bigeminy  or  trigeminy.  It 
is  clear  that  to  such  instances  the  hypothesis  of  Kaufmann  and  Rothberger 
is  inapplicable  ;  for  the  rhythm  underlying  the  extrasystoles  in  such 
instances,  would  necessarily  have  an  exact  and  simple  mathematical  relation 
to  the  rhythm  providing  the  normal  beats.    This  exact  and  simple  relation, 

*  Obser\'ations  undertaken  on  behalf  of  tlie  Medical  Research  Coimcll. 
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if  maintained  for  an  appreciable  time,  could  not  be  explained  as  a  coinci- 
dence ;  the  interdependence  of  the  two  rhythms,  normal  and  extrasystolic, 
or  their  dependence  upon  some  common  casual  agencies,  would  have  to  be 
assumed.  Briefly,  if  two  series  of  rhythmic  impulses  are  developed  in  the 
heart,  and  these  series  are  entirely  independent  of  each  other  and  fail  to 
interfere  with  each  other,  the  chances  against  their  presenting  a  simple  and 
precise  mathematical  relation  to  each  other  for  an  indefinite  period  are 
infinite.  In  the  case  of  ventricular  extrasystoles  the  provisor  of  non- 
interference of  one  rhythm  with  the  other  is  largely  superfluous,  since  non- 
interference is  actually  the  rule,  but  in  the  case  of  auricular  extrasystoles 
this  is  not  the  case. '  It  is  the  rule  that  the  auricular  extrasystole  disturbs 
the  normal  rhythm  of  the  heart  at  its  source. 

The  first-  of  the  serial  jjapers  of  Kaufmann  and  Rothberger  contains  a 
somewhat  remarkable  demonstration.  They  show  that  if  in  a  normally  and 
regularly  beating  heart,  rhythmic  shocks  of  somewhat  slower*  rate  are 
allowed  to  fall  on  the  auricle,  the  auricle  will  contract  prematurely  in  response 
to  these  shocks,  from  time  to  time  ;  they  show,  further,  that  after  the  first 
response  of  this  kind,  the  remaining  responses  to  occasional  shocks  will 
occur  at  perfectly  regular  intervals,  and  that  an  accurately  repeated  irregu- 
larity or  "  allorhythmia,"  as  it  is  called,  will  result.  The  production  of  an 
allorhythmia  is  independent  of  the  rate  of  the  rhythmic  shocks  introduced 
into  the  auricle.  Thus,  it  would  appear  that  if  two  completely  independent 
series  of  rhythmic  impulses  (the  one  normal  and  the  other  abnormal)  fell 
upon  the  auricle,  and  both  were  capable  of  yielding  responses  at  suitable 
intervals,  a  simple  allorhythmia  such  as  a  bigeminal  or  trigeminal  action 
would  inevitably  result  and  might  be  maintained  indefinitely.  The  main- 
tenance of  such  a  simple  allorhythmia  would  be  due  to  the  regular  disturbance 
of  the  normal  rhythm  by  beats  belonging  to  the  abnormal  rhythm,  as 
explained  in  the  paper  cited.  Conversely,  therefore,  the  presence  of  such  a 
permanent  and  natural  bigeminy  or  trigeminy  of  the  auricle,  does  not 
preclude,  as  it  does  in  the  case  of  the  ventricle,  the  production  of  this  allo- 
rhythmia through  the  agency  of  two  independent  series  of  rhythmic  impulses. 
But  it  must  also  be  clear  that  these  very  simple  and  persistent  forms  of 
auricular  irregularity  cannot  be  used  as  evidence  for  the  theory  of 
independent  rhythms  ;  thus,  if  we  are  deahng  with  a  simple  auricular 
bigeminy  or  trigeminy,  accurately  repeated  for  long  periods,  it  is  evident 
that  the  intervals  between  one  extrasystole  and  the  next  extrasystole  to 
follow  it  (an  interval  which  will  be  termed  the  inter-extrasystolic  interval 
in  the  rest  of  tliis  article),  will  be  constant ;  consequently  all  the  inter- 
extrasystolic  intervals  of  the  curve  will  necessarily  present  a  simple 
mathematical  relation  to  each  other,  and  this  relation  could  not  be  regarded 
as  adequate  evidence  that  these  extrasystoles  result  from  abnormal  but 


*  Shocks  of  slower  rate  must  perforce  be  used,  otherwise  the  heart  will  respond  to  these 
shocks  only. 
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rhythmic  impulses.  Instances  where  the  intervals  at  which  the  extra- 
systoles  occur  in  the  curve  are  changeable,  are  alone  admissible  as  evidence. 
It  is  examples  of  the  last  kind  which  are  brought  forward  by  Kaufmann  and 
Rothberger,  and  it  is  ujion  the  evidence  of  a  simple  mathematical  relation 
between  the  interextrasystolic  intervals  of  such  curves  that  these  writers 
solely  rely  for  evidence  of  their  hypothesis.  They  term  extrasystolic 
irregularities  supposedly  arising  as  a  result  of  occasional  responses  to 
rhythmic  impulses,  a  parasystolic  irregularity. 

To  illustrate,  we  give  the  following  example  of  our  own.  Fig.  1  is  a 
short  strip  of  cui-ve  taken  from  a  patient  who  has  been  under  observation 
for  a  long  wliile,  and  constantly  presents  short  groups  of  auricular  extra- 
systoles.  In  tliis  particular  curve  each  normal  beat  is  followed  by  a  pair 
of  extrasystoles.  The  distance  between  the  two  extrasystoles  of  a  pair 
(short  inter-extrasystolic  intervals)  is  almost  always  19  fiftieths  of  a  second  ; 
the  distance  between  the  last  extrasystole  of  a  pair  and  the  first  extrasystole 
of  the  succeeding  pair  (long  inter-extrasystolic  interval)  is  56,  57,  58  or  59 
fiftieths,  or  an  average  of  57  fiftieths.  As  there  is  a  simple  and  exact  relation 
between  the  short  and  long  inter-extrasystolic  intervals  (19x3  =  57)^  this 
relation  may  be  used  as  evidence  that  all  belong  to  the  same  rhythmic  series 
and  are  produced  by  an  independent  rhythm  arising  in  the  auricle.  This 
example  is  precisely  comparable  to  several  used  by  Kaufmann  and 
Rothberger.  The  strip  of  curve  pubhshed  is  a  sample  of  a  much  longer 
curve,  the  measurements  of  winch  are  given  in  Table  I.  In  this  table  the 
measurements  are  given  in  three  columns.  In  the  first  column  is  the  number 
of  the  beat,  the  extrasystoles  being  italicised.  In  the  second  column  is  the 
interauricular  interval,  these  intervals  which  are  terminfited  b^^  extrasystoles 
being  itahcised.  In  the  third  column  the  long  inter-extrasystolic  intervals 
are  shown  and  these  are  uniformly  simple  multiples  of  the  shoi-ter  inter- 
extrasystoHc  interval  (wliich  in  this  example  averages  19  fiftieths  of  a 
second) ;  the  deviation  from  a  i^erfect  fit  is  added  as  a  -j-  or  —  quantity  in  the 
third  column.  The  table  contains  a  larger  number  of  measured  and  successive 
beats  than  any  given  by  Kaufmann  and  Rothberger,  and  is  as  perfect  an 
example  as  the  best  winch  they  jDroduce  as  evidence  for  their  theory  of  a 
parasystolic  j^henomenon.  Actually,  the  present  example  shows  smaller 
deviations  from  a  simple  mathematical  relation  than  do  the  majority  of  the 
curves  illustrating  Kaufmann  and  Rothberger's  articles. 

Their  hypothesis  assumes  from  the  outset  that  if  two  rhj'thmic  centres 
are  active  in  one  and  the  same  auricle,  the  faster  of  these  rhythms  will  not 
necessarily  dominate,  the  slower  will  not  necessarily  be  submerged,  as  is 
usually  admitted  to  be  the  case  ;  but  that  both  will  continue  to  give 
responses  at  intervals.  The  assumption  involves  the  idea  that  the  auricle 
does  not  always  respond  to  the  faster  rhj'thmic  impulses,  that  the  centre  of 
slower  rhythmic  activitj?  is  in  some  way  guarded  from  the  receipt  of  those 
excitation  waves  which  are  let  loose  by  the  centre  of  faster  activity  ;  it  also 
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TABLE    I. 

All  lime  intervals  in  these  tables  are 
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involves  the  idea  that  when  in  these  circumstances  the  auricle  responds  to 
the  slower  rhythmic  centre,  the  excitation  wave  so  arising  does  not  disturb 
the  rhythm  of  the  more  active  centre.  The  last  idea  acquires  greater 
significance,  since  in  some  of  Kaufmann  and  Rothberger's  examples  the 
faster  rhythm  arises  in  the  A-V  node,  yet  it  is  supposedly  continued  in 
uninterrupted  fashion,  although  this  same  node  occasionally  transmits  an 
auricular  response  of  sinus  origin  to  the  ventricle.  The  partial  protection 
which  each  rhythmic  centre  has  to  enjoy  from  the  activity  of  its  rival,  under 
the  hypothesis  of  parasystole,  is  clearly  recognised  by  its  originators  who 
ascribe  it  to  local  block  (using  the  term  "  Austrittsblockierung  "  for  the 
protection  of  the  sinus  rhythm  and  the  terms  "  Eintrittsblockierung  "  and 
"  Schutzblockierung  "  for  the  protection  of  the  faster  centre  from  sinus 
waves).  We  emphasise  these  assumptions,  which  so  far  as  we  can  see  are 
primarily  pure  assumptions,  because  if  there  were  independent  reasons  for 
believing  that  two  rhythms  of  widely  different  rate  could  continue  to  be 
active  in  one  and  the  same  heart  chamber,  the  strength  of  the  evidence 
needed  to  render  the  present  hypothesis  acceptable  would  be  reduced.  But 
there  are  many  reasons  for  beheving  that  such  rhythms  cannot  remain 
active  side  by  side,  in  the  sense  expected  of  them.*  The  conception  of 
parasystole  conflicts  ^vith  generally  accepted  views  ;  this  does  not  demand 
its  rejection,  but  it  does  demand  that  the  evidence  which  is  put  forward  to 
support  it  should  be  of  a  convincing  kind  and  that  it  should  include  some 
independent  testimony  that  the  protective  blocks  which  are  assumed, 
actually  exist.  The  last  is  not  attempted  ;  we  are  left  with  the  evidence  of 
separate  and  active  rhythms  only. 

To  continue  an  analysis  of  the  irregularity  presented  bj'  our  first 
patient ;  in  the  first  table  used  (Table  I)  the  extrasystoles  occur  almost 
exclusively  in  pairs  ;  at  one  point,  however  (beats  92-94),  a  group  of  three 
extrasystoles  is  found  ;  nevertheless,  the  simple  relation  between  short  and 
long  interextrasystolic  intervals  remains  undisturbed.  This  curve  was 
taken  from  our  patient  10  minutes  after  the  subcutaneous  administration  of 
1/50  of  a  grain  of  atropine  sulphate.  A  second  curve  from  the  same  patient, 
taken  under  simple  conditions  of  rest  three  weeks  earlier,  is  tabulated  in 
Table  IV.  It  constitutes  a  more  searching  test  of  the  simple  ratio  between 
inter-extrasystoHc  intervals,  because  in  addition  to  the  group  of  2  extra- 
systoles, groups  of  3  or  4  extrasystoles  are  not  infrequent ;  the  simi:)le  ratio 
is  again  found  to  exist,  such  deviations  as  occur  being  of  a  small  order. 

Yet  this  example  as  it  stands  has  little  value  as  evidence  ;  we  require 
evidence  that  under  whatever  conditions  our  patient  is  examined,  always 
l^roviding  that  extrasystoles  remain,  a  simple  ratio  is  maintained.  We  have 
seen  that  a  simple  ratio  existed  in  this  patient  on  two  occasions,  although 

*  Except  when  the  heart  is  dying  or  under  exceptional  experimental  conditions,  which  can 
hardly  be  considered  comparable  to  those  existing  in  a  relatively  healthy  patient. 
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*  This  figure  18  is  an  approximate  average  of  aU  the  short  iuter-extrasystolic  intervals  of  the  table. 
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17 

'  This  figure  1 8  is  an  approximate  average  of  all  the  sliort  inter-extrasystolic intenals 
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10 

43 

75 

IS. 
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19. 

(+1) 

17 
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19 

*  This  figure  18  is  an  approximate  average  of  all  the  short  inter-extrasystolic  inter\-als. 
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*  'I'liis  figure  17  is  an  appro,xiraato  average  of  all  the  short  interextrasystolic  intervals 
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'  This  figure  16  is  an  approximate  average  of  all  the  short  inter-extrasvstolic  intervals  of  the  table. 
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*  This  figure  16  is  an  approximate  average  of  all  the  short  iiiter-extraaystolic  intervals  of  the  table. 
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on  these  occasions  the  rate  of  beating  was  not  quite  the  same.  Was  the 
simple  ratio  present  on  all  occasions,  and  under  all  circumstances  {  The 
answer  is  in  the  negative.  Five  minutes  after  the  curve  measured  in 
Table  I  was  taken,  the  curves  measured  in  Table  II  were  obtained  :  and 
fifteen  minutes  later  still,  those  illustrated  bj^  Table  III  and  Fig.  2  were 
taken. 

In  Table  II,  as  compared  with  Table  I,  the  long  inter-extrasystolic 
intervals  have  lengthened  materially,  tliis  lengthening  being  due  to  delay 
in  the  appearance  of  the  normal  beat  of  the  auricle  following  each  group  of 
extrasystoles,  and  being  accounted  for  by  a  shght  decrease  in  the  rate  of  the 
sinus  rhythm.  On  the  contrary,  such  change  as  there  is  in  the  short  extra- 
systohc  intervals  is  in  the  direction  of  shortening.  As  a  consequence  of  these 
rate  changes  the  simple  mathematical  relation  between  long  and  short 
inter-extrasystoUc  intervals  becomes  imperfect,  the  error  averaging  6-5 
fiftieths  of  a  second  and  being  always  in  one  direction.  In  the  second  curve 
(Table  III)  this  eri-or  h^s  increased  further,  so  that  now  the  long  inter- 
extrasystoKc  interval  deviates  from  3  times  the  mean  of  the  short  inter- 
extrasystoKc  intervals  by  an  average  of  7-6  fiftieths  of  a  second.  In  other 
words,  the  position  at  wliich  the  first  extrasystole,  following  a  long  hiatus, 
is  calculated  to  occur,  falls  almost  exactly  between  two  actual  extrasj'stoles 
(see  Fig.  2).  The  evidence  in  tlus  table  is  decisive  against  the  view  that  in 
tliis  patient  a  simple  rhythm  underlay  the  extrasystoles. 

An  examination  of  Tables  I,  II  and  III,  compiled  from  curves  taken  in 
this  order,  makes  it  obvious  that  the  simj^le  relation  between  the  extrasystohc 
intervals  in  Table  I  was  of  a  purely  accidental  kind,  depending  upon  the  fact 
that  the  length  of  the  returning  cycles  (unitalicised  in  the  Table)  happened 
to  be  almost  precisely  double  the  length  of  the  jireceding  cycle  (the  short 
inter-extrasystohc).  A  similar  relation  is  to  be  found  in  several  of  Kaufmann 
and  Rothberger's  tables.  That  the  relation  was  fortuitous  in  the  present 
case  is  evident,  because  it  was  so  readily  upset. 

Our  second  observation  is  of  a  somewhat  different  kind.  It  is  illustrated 
by  Fig.  3.  For  some  while  this  patient  has  exhibited  short  i^aroxysms  of  tachy- 
cardia whose  starting  point  is  in  the  auricle.  The  end  of  one  paroxysm  and 
the  beginning  of  another  is  shown  in  this  curve.  The  usual  interval  between 
adjacent  paroxysmal  beats  is  17  fiftieths  of  a  second,  and  this  interval  is 
compared  with  the  long  intervals  between  the  end  beat  of  one  paroxysm 
and  the  first  beat  of  the  succeeding  paroxysm.  In  the  illustration,  this  long 
interval  is  324  fiftieths  of  a  second,  or  almost  preciseh'  19  times  the  length 
of  the  short  interval.  This  strip  of  curve  was  taken  from  a  longer  one  which 
is  tabulated  in  Table  V.  In  this  table  the  long  intervals  vary  considerably, 
but  each  is  an  almost  exact  multiple  of  the  basal  interval  17.  The  example  is 
another  of  a  kind  used  by  Kaufmann  and  Rothberger  in  support  of  their 
theory,  and  is  as  convincing  as  those  which  they  cUsplaj'.     But  Uke  our  last 
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example  its  value  as  evidence  is  destroyed  when,  as  a  result  of  altering  the 
conditions,  the  simple  ratio  is  made  to  vanish.  A  dose  of  1/50  of  a  grain  of 
atropine  given  hypodermically  led  to  an  acceleration  of  the  heart  beat,  and 
curves  taken  40  and  55  minutes,  respectively,  after  the  injections  are  tabulated 
in  Tables  VI  and  VII  and  illustrated  by  Fig.  4.  The  ratio  of  short  and  long 
intervals  exists  over  the  central  portions  of  the  curve  (Table  VI  beats  65-172) 
without  very  material  error.  But  at  the  beginning  and  ending  of  the  curve, 
the  error  becomes  so  great  that  the  accidental  relation  in  the  central  iiortions 
is  at  once  suggested.  That  the  relation  is  accidental  is  confirmed  by  such  a 
table  as  the  next  (Table  VII),  which  is  similar  to  a  number  taken  from  the 
same  patient  on  this  and  different  occasions.  In  Table  VII  the  multiplication 
of  the  basal  interval,  in  this  instance  16  fiftieths,  brings  us  to  points  lying 
almost  midway  between  the  first  two  beats  of  each  paroxysm. 

The  conclusion  in  the  case  of  both  examples  given  is  that  the  estabUsh- 
ment  of  a  simple  ratio  is  fortuitous  and  that  such  ratios  are  not  long 
maintained,  as  they  should  be  if  the  theory  of  parasystolic  arrhythmias  is 
to  hold  good. 

Each  example  is  comparable  to  one  or  more  of  the  seven  cases  which 
constitute  the  evidence  of  the  articles  criticised.  To  bring  forward  a  case 
which  is  the  counterpart  of  each  of  the  seven  cases  in  question  would  be 
possible  perhaps  if  our  observations  were  extended  for  a  prolonged  period 
of  time.  But  patients  in  whom  complex  extrasj'stoUc  disturbances  occur 
are  not  so  very  common.  We  have  examined  7  such,  each  on  several 
occasions  and,  from  a  total  of  92  curves,  are  able  to  select  only  a  few  out 
of  these  in  which  a  simple  ratio  exists  throughout.  These  curves  have  come 
exclusively  from  the  two  cases  used  as  illustrations.  The  proportion  would 
be  correspondingly  higher  had  our  strips  of  curve  been  of  shorter  duration  ; 
in  this  connection,  the  fragmentary  character  of  many  of  the  curves  published 
by  the  authors  criticised  must  be  mentioned.  The  number  of  curves,  and 
the  number  of  cases,  which  Kaufmann  and  Rothberger  have  been  obhged 
to  reject  because  they  fail  to  show  a  simple  ratio  is  not  known  to  us,  but  we 
gather  that  in  neither  instance  is  the  number  inconsiderable.  When  curves 
of  long  duration  are  recorded,  the  rejections  become  so  numerous,  that 
many  patients  in  whom  simple  curves  present  the  simple  ratio  cannot  be 
found.  For  this  reason  we  content  ourselves  with  the  two  examples 
presented  and  with  the  criticisms  which  follow. 

To  return  to  Table  V  ;  the  deviation  from  a  simple  multiple  of  the 
short  interval  (17  fiftieths)  is  here  expressed,  as  in  our  other  tables,  by  a 
+  or  —  quantity  in  the  third  column.  The  method  of  expression  used  by 
Kaufmann  and  Rothberger  is  a  different  one.  Thus,  Table  V  may  be 
summed  up  in  the  two  first  columns  of  Table  VIII.  The  expression  usually 
used  by  Kaufmann  and  Rothberger  is  illustrated  in  the  third  column. 
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TABLE    VIU. 
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2iid  exp 

ession. 
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324 
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276 
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(  +  -t) 
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X 

17-3 

339 

17 

X 

20 

(— 1) 

20 

X 

10-9 

155 

17 

X 

9 

(  +  2) 

9 

X 

17-2 

TIlis  second  method  of  expression  tends  to  disperse  such  error  as  exists, 
especially  when  long  intervals  are  concerned,  and  thus  to  conceal  the  amount 
of  the  deviation  from  the  mean  value  (171)  when  the  figures  are  regarded 
casually.  Che  displaj'  of  a  large  number  of  apparently  simple  ratios  in 
Kaufmann  and  Rothberger's  tables,  a  display  wliich  is  at  first  almost 
convincing,  owes  not  a  little  to  this  form  of  expression. 

To  exemplify,  we  take  the  following  summary  of  one  of  their  illustrative 
curves  (beats  5-165  of  the  table  on  page  60  of  their  paper^). 

TABLE    IX. 


Long 
intervals. 

Divisor  and 
dividend. 

Long 
intervals. 

Divisor  and 
dividend. 

292 

10   X    29-2* 

200 

9    X    28-9 

297 

10    X    29-7 

249 

8    X    311 

286 

9    X    31-8 

314 

10    X    31-4 

236 

10    X    290 

291 

10    .■     291 

309 

10    X    30-9 

283 

9    X    31-4 

244 

8   X   30-5 

285 

9    X    31-7 

292 

10    X   29-2 

280 

9    X    31-1 

295 

10    X   29-5 

239 

8    X    29-9 

293 

10    X   29-3 

280 

9    X    31-8 

256 

8   X    320 

In  each  case  these  are  corrected  dividends. 
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They  are  dealing  witli  a  short  inter-extrasystohc  interval  which  averages 
30-3  hundredths  of  a  second  and  with  long  intervals  varying,  as  the  summary 
shows,  from  239  to  314  hundredths  of  a  second.  The  long  intervals  are 
subdivided  into  8,  9  or  10  parts  and  the  dividends  are  all  figures  which, 
as  the  table'  shows,  approach  fairly  closely  to  the  value  30-3.  Examined 
casually  a  simple  ratio  appears  to  be  present ;  further  and  more  careful 
examination  proves  it  to  be  illusory.  If  we  take  the  dividends  28-9  and 
32-0,  namely,  the  extremes  of  their  table,  and  multiply  these  by  8,  we  obtain 
the  figures  231  and  25o  ;  it  is  clear  that  by  using  intermediate  dividends  and 
multiplying  by  8,  we  can  obtain  a  complete  range  of  numbers  from  231  to 
256.  Similarly,  using  the  same  cfividends,  b\it  multiplying  by  9  we  can 
obtain  a  complete  range  from  263  to  288  ;  and  lastly,  multiplying  by  10, 
we  can  obtain  a  complete  range  from  289  to  320.  In  other  words,  it  is  almost  a 
matter  of  indifference  what  duration  the  longinter-extrasystolic  interval  has, 
for  by  choosing  a  suitable  divisor  (8,  9,  or  10  in  the  case  of  intervals  ranging 
from  231  to  320)  and  allowing  the  same  variation  as  is  shown  in  the 
Kaufmann  and  Rothberger  dividends  (28-9  and  32-0),  we  can  obtain 
almost  every  intermediate  figure  between  231  and  320.  Actually,  every 
intermediate  figure  is  obtained  if  dividends  varying  from  28-5  to  320  are 
permitted. 

It  is  but  right  to  state  that  Kaufmann  and  Rothberger  make  use 
of  the  method  of  expression  now  criticised  because  they  believe  that  the 
parasystolic  rhythm  may  it.self  vary  in  rate,  and  that  an  allowance  must  be 
made  from  time  to  time  for  such  variations.  In  point  of  fact  some  variations 
in  the  rate  of  this  rhythm  must  be  assumed  in  all  Kaufmann  and 
Rothberger's  examples  ;  in  many  of  them  gross  variations  must  be  assumed. 
Now  it  is  universally  recognised  that  the  rates  of  extrasystolic  rhythm 
arising  in  the  auricle  are  difficult  to  influence  ;  they  are  not  affected  by 
posture,  respiration  or  exercise,  or  are  affected  in  only  very  minor  degree. 
The  relative  constancy  of  extrasystolic  rhythms  in  this  respect  constitutes 
one  of  their  most  remarkable  features.  If  groups  of  extrasystoles  pertain  to  a 
constant  extrasystolic  rhythm,  manifesting  itself  only  by  occasional  responses 
of  the  auricle,  then  the  same  constancy  of  rate  would  be  anticipated  as  is 
found  in  simple  paroxysms  of  auricular  tachycardia.  Kaufmann  and 
Rothberger  point  out  that  variations  in  the  inter-extrasystolic  intervals  move 
largely  hand  in  hand  with  variations  in  the  sinus  rhythm  intervals,  the 
assuraiDtion  being  that  both  are  influenced  and  in  the  same  direction  by 
the  strength  of  vagal  tone  ;  yet  in  paroxysmal  tachycardia  the  vagus  appears 
to  have  Uttle  or  no  influence  upon  the  rate,  although  its  influence  may 
abruptly  terminate  the  ])aroxysm.  When  Kaufmann  and  Rothberger 
explain  the  discrepancies  in  their  tables  by  supposing  change  in  the  rate 
of  the  parasystolic  rhythm,  they  are  again  making  an  assumption  wliich  is 
in  conflict  with  the  general  evidence.  A  far  simpler  explanation  of 
simultaneous  increase  or  decrease  in  the  two  series  of  intervals  may  be  put 
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forward.  Such  concordance  of  rates  is  found  in  cases  in  which  the  extra- 
systole  is  more  or  less  accurately  Knked  or  "  coupled  "  to  the  preceding 
sinus  beat.  If  we  assume  that  in  all  instances  of  couphng,  the  extrasystole 
is  forced  into  existence  in  some  fashion  by  the  preceding  normal  beat,  the 
points  at  which  extrasystoles  will  occur  is  controlled  by  the  normal  beats 
and,  if  the  normal  beats  stand  closer  together  or  further  apart,  there  \vi\\  be 
corresponcUng  changes  in  the  inter-extrasystolic  intervals. 

Kaufmann  and  Rotherbger  have  not  entirely  neglected  to  test  the 
effects  of  altering  the  sinus  rate,  and  have  used  atropine  and  exercise  for 
this  purpose.  The  examples  which  they  give  of  measured  curves,  taken 
before  and  after  atropine,  are  much  too  fragmentary  to  be  satisfactory  ; 
and  even  so  the  examples  present  notable  and  unexjalained  discrepancies. 
In  one  example  (Case  3)  of  measured  curves'  taken  before  and  after 
exercise,  the  variations  in  the  dividends  for  both  curves  are  so  great  as  to 
make  the  result  entirely  unconvincing. 

It  is  not  possible  \vitliin  the  compass  of  tliis  article  to  enter  into  a 
detailed  criticism  of  all  tlie  exami:)les  which  Kaufmann  and  Rothberger 
bring  forward  in  support  of  their  hj-pothesis  ;  though  it  is  to  be  understood 
that  none  of  their  illustrations  are  immune  from  destructive  criticism  (see 
appendix  notes).  As  we  have  shown,  it  is  possible  to  bring  forward  examples 
in  which  a  simple  ratio  between  long  and  short  inter-extrasj^stoUc  interval 
is  to  be  found ;  but  it  can  also  be  shown  by  longer  studj'  of  these  examples 
that  in  them  the  relation  is  accidental.  Obviously  the  longer  the  records 
measured  the  less  likelj^  is  it  that  this  fortuitous  relation  will  be  maintained. 
A  main  criticism  of  the  curves  of  Kaufmann  and  Rothberger  is  that  they  arc 
too  short,  many  of  them  are  far  too  short,  to  be  rehable  as  evidence.  Oiu- 
point  of  view  is  that  instances  of  the  simple  ratio  must  be  shown  in  wliich 
this  is  long  continued,  and  continued  undisturbed  in  circumstances  in  which 
the  sinus  rhythm  materially  alters  its  rate,  thus  bringing  the  conclusions 
to  a  severer  test ;  and  that  unless  this  can  be  shown  in  any  given  case  the 
hypothesis  of  parasystole  cannot  be  regarded  as  ajiplicable  to  that  case. 

Lastly,  it  is  to  be  remembered  that  the  hypothesis  put  forward,  starts 
under  a  disadvantage,  in  that  it  necessitates  a  number  of  pure  assumptions, 
to  which  we  have  referred,  and  wliich,  so  it  seems  to  us,  are  either  unsupported 
by  the  necessary  new  evidence  or  are  actually  in  conflict  with  present 
evidence. 

Appended  notes.  In  studying  Kaiifmami  and  Rothberger's  paper  in  detail  we  fiiid  ourselves 
in  frequent  disagreement  with  the  interpretation  of  their  oliservations.  Tables  whirh  they  bring 
fonvard  to  support  their  h\-pothesis  frequently  appear  to  us  to  do  the  reverse.  Thus  the  talile 
on  page  .50  of  their  fourth  article'  is  notable  from  this  point  of  view.  Atrioventricular  extra- 
systoles  are  falling  at  regular  intervals  after  eacli  third  normal  beat  and  the  inter-extrasystolic 
inter\'als  are  therefore  constant.  At  one  point  in  the  middle  of  a  long  curve  of  this  kind,  an 
auricular  extrasystole  occurs  and  temporarily  disturbes  the  allorliythinia  then  prevailing  ;  but 
it  is  promptly  resumed  after  the  disturljance,  in  precisely  its  original  form.  This  appears  to  lis 
to  lie  the  expected  event,  assuming  the  coupling  to  depend  on  the  forcing  of  the  extrasystoles 
by  preceding  normal  beats.  Kaufmann  and  Rothberger  explain  the  resu:nption  of  tlie  preceding 
allorhythmia  by  assuming  that  the  auricular  extrasystole  disturljs  their  parasystolic  rhythm, 
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and  disturbs  it  in  such  a  way  that  the  subsequent  coupling  is  accurately  restored.  That  could 
only  be  so  if  the  returning  pause  of  the  disturbed  parasystolic  rhythm  were  of  a  precise  and  critical 
length  ;  this  precise  and  critical  length  for  the  returning  pause  is  accepted  by  Kaufmann  and 
Rothberger  without  evidence  or  apparent  hesitation,  yet  the  probabilities  against  this  coincidence 
are  considerable. 

2.  On  two  occasions  {Case  1,  Table  VII,  page  231'^,  and  Case  4,  page  68'')  serious  dis- 
crepancies in  the  inter-extrasystolic  intervals  are  explained  by  assuming  them  to  be  due  to  lengthen- 
ing of  the  conduction  intervals  between  the  parasystolic  focus  and  the  chamber  responding. 
But,  lengthening  conduction  intervals,  as  has  been  pointed  out  frequently,  lead  in  the  human 
heart  to  temporary  quickening  of  the  rate  of  the  responding  chamber.  They  are  not  known  to 
produce  slowing  of  the  rate,  yet  it  is  slowing  of  the  parasystolic  rate  which  Kaufmann  and 
Kothberger  are  attempting  to  explain.  The  scheme  given  at  the  top  of  page  73'  is  not  consistent 
with  our  knowledge  of  block  in  the  human  heart. 


Conclusions. 

A  careful  examination  of  the  observations  published  by  Kaufmann 
and  Rothberger  in  support  of  their  hypothesis,  namely,  that  certain  extra- 
systolic  irregularities  are  produced  by  the  interference  of  two  constantly 
acting  rhythmic  centres,  and  observations  of  our  own  upon  cases  of  a  similar 
type,  lead  us  to  conclude  that  the  evidence  advanced  in  support  of  their 
view  is  inadequate  and  that  the  mechanism  of  extrasystolic  irregularities 
of  this  kind  has  still  to  be  found. 
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THE   IRREGULARITY   OF   THE   VENTRICULAR   RATE   IN 
PAROXYSMAL  VENTRICULAR  TACHYCARDIA. 

By  G.  F.  STRONG  (Vancouver,  B.C.)  and  S.  A.  LEVINE  (Boston). 
{From  the  Medical  Clinic  oj  the  Peter  Bent  Bri(jhinn  HospiluJ.   BoMun.) 


The  diagnoses  of  paroxysmal  tachycardia  can  generally  be  made  at  the 
bedside  by  examination  of  the  heart  and  by  careful  consideration  of  the 
history  of  previous  attacks,  determining  whether  the  beginning  and  ending 
of  the  attacks  of  rapid  heart  action  were  abrujDt.  In  a  recent  pubUcation^ 
the  regularity  of  the  heart  in  simple  paroxysmal  tachycardia  was  carefully 
studied  and  variations  in  the  length  of  the  ventricular  cycles  were  found 
to  be  very  slight,  rarely  more  than  0-01  of  a  second.  It  has  been  noticed  by 
one  of  us'  that,  although  a  strikingly  constant  regularity  from  beat  to 
beat  was  present  in  auricular  tachycardia,  a  slightly  irregular  rhythm  was 
observed  in  ventricular  tachycardia.  This  difference  is  of  diagnostic 
importance  because,  whereas  i)aroxysmal  auricular  tachycardia  does  occur 
in  otherwise  normal  individuals  and  may  be  comjiatible  ^^■ith  a  long  and 
useful  life,  ventricular  tachycardia  in  our  experience  has  always  been  asso- 
ciated with  grave  heart  di.sease,  especially  with  coronary  sclerosis,  and 
indicates  a  serious  progno.sis. 

The  length  of  the  cardiac  cycle  in  two  cases  of  paroxysmal  ventricular 
tachycardia  has  been  studied.  From  the  electrocardiograms  taken  during 
the  attack  careful  measurements  were  made  of  consecutive  heart  cycles. 
Slight  but  definite  differences  were  readily  seen  on  ordinary  inspection  of 
the  heart  tracings  and  slight  irregularities  were  noted  with  the  stethoscoiJe- 
at  the  bedside.  On  measuring  the  heart  cycles  in  the  electrocardiograms 
con.spicuous  differences  in  length  were  readily  found  in  both  cases.  The 
records  of  Cases  1  and  2  are  shown  in  Figs.  1  to  3.  Case  2,  Figs.  2  and  3,  is 
particularly   interesting,  in    that    it    showed    both    the    auricular   and    the 
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ventriculai-  type  of  tachycardia.  The  contrast  between  the  perfectly  regular 
rhythm  of  the  one  and  the  slight  but  definite  irregularity  of  the  other  was 
striking.  The  variations  in  the  length  of  the  heart  cycles  even  over  short 
periods  of  several  seconds,  were  10  to  20  times  as  great  as  those  usually 
found  in  simple  paroxysmal  tachycardia.^  Whereas  the  average  variation 
never  reached  0-01  of  a  second  and  the  maximum  variation  rarely  exceeded 
0-01  of  a  second  in  auricular  tachycardia,  the  average  variation  in  consecutive 
beats  in  these  two  cases  of  ventricular  tachycardia  was  0-025,  0-02G,  0-033, 
0-080  seconds  during  various  attacks.*     (See  Table  I.) 


Case 
number 

Type  of 
attack. 

Duration 

of 
paro.'cysm. 

Length  of  consecutive  interventr. 
interv-s.  in  sees. 

variation 

of 

entire 

series. 

.Ma.ximum 

variation 

of  two 

tive  beats. 

Average 

of  con- 
secutive 
beats. 

1 

Ventricular 

2i  dajs 

0-37,  0-3l>.-<,  0-3G,  0-365,  0-37,  0-37, 
0-3G,  0  3.-),  0-3.5,  0-38,5,  0-435,  0-42, 
0-305,  0-46,  0-41.  0-3()5,  035,  0-355, 
0-435,  0-43,  0-40,  0-385 

0-110 

0095 

0-025 

1 

" 

4  hours 

0-37,  0-38,  0-36,  0-41,  0-375,  0-375, 
0-3(),  0-345,  0  33,  0-33,  0  325,  0-35, 
0-37,  0-39,  0-38,  0-375,  0  33,  0  34, 
0-43,  0  525,  0-355,  0-30,  0-38,  0-355 

0200 

0-170 

0026 

1 

" 

•i       ,. 

0-33,  0-44,  0-38,  0-345,  0-305,  0-385, 
0-36,  0-3S5,  0-33,  0-295,  0-43,  0-30, 
0-36,  0-3t>,  0-355,  0-365,  0-35,  0-36, 
0-355,  0  3ti,  0-365,  0-37,  0-36,  0-31, 
0-38 

0-145 

0-135 

0033 

2 

" 

Very 
short 

0-305,  0-32,  0-30,  0-32,  0-35,  0-37, 
0-285,  0-475,  0-31,  0-48,  0-315,  0-35, 
0-34,  0-37,  0-49 

0-205 

0190 

0080 

*^ 

Auricular 

8  lioiu-s 

0-41,    0-405,    0-405,    0-405,    0-405, 
0-405,    0-405,    0-405,    0-41,    0-405, 
0-41,  0-41,  0-41,   0-405,  0-41,  0-40, 
0-41,  0-405 

0-010 

0010 

0-003 

It  is   interesting   tliat   an   example   of   ventricular  tachycardia   illus- 
trated in  Willius's  book  on  cHnical  electrocardiography"  shows  the  type  of 


*  A  third  cuse  {Figs.  4  and  5)  is  added  as  a  probable  instance  of  ventricular  tachycaidia. 
Unfortunately  during  the  normal  rhythm  no  extrasystoles  were  detected  which  might  have 
given  evidence  of  the  origin  of  the  attack.  The  same  typo  of  irregularity  as  was  found  in  the  other 
two  instances  of  ventricular  tachycardia  was  present  lierc. 
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irregularity  described  in  this  study.  In  an  article  on  paroxysmal  tachy- 
cardia by  T.  S.  Hart-,  Figs.  7  and  8,  which  illustrate  ventricular  tachycardia, 
show  definite  irregularity.  Further  examples  of  this  same  mechanism  are 
evident  in  Plates  I,  VI,  XII  in  an  article  by  Willius^,  and  in  Figs.  7,  9,  and  11 
in  an  article  by  Robinson  and  Herrmann.'' 

It  is  necessary  to  i-emember  that  there  may  be  periods  during  the  attack 
of  ventricular  tachycardia  when  the  heart  action  is  regular,  c^uite  as  regular 
as  in  the  auricular  type  of  tachycardia.  But  the  point  that  characterizes 
the  ventricular  type  is  that  sometime  during  the  attack  the  rhythm  is 
disturbed  appreciably. 

It  is  of  some  importance  to  translate  the  above  observations  into  terms 
that  are  applicable  in  the  more  ordinary  examinations  conducted  in  the 
sick  room.  If  a  patient  is  in  an  attack  of  rapid  heart  action  it  is  first  necessary 
to  determine  whether  the  rhythm  is  grossly  irregular,  for  if  it  is,  we  are 
dealing  with  a  case  of  auricular  fibrillation.  If  the  rhythm  is  regular  we 
must  listen  carefully  to  detect  slight  irregularities  if  possible.  If  the  latter 
are  present  the  diagnosis  of  ventricular  tachA'cardia  is  to  be  considered,  and 
clue  regard  to  this  must  be  given  in  making  a  prognosis.  If  the  rhj-thm  is 
perfectly  regular  even  over  long  periods  of  time,  i.e.,  Ustening  for  several 
minutes,  we  are  most  Ukely  dealing  vat\\  a  paroxysm  of  auricular  origin, 
generally  auricular  tachycardia  and  rarelj^  auricular  flutter.  In  trying  to 
detect  irregularities  in  ventricular  tachycardia  one  must  listen  for  an 
appreciable  length  of  time,  for  the  rhythm  may  be  perfectlj^  regular  over  a 
certain  period  and  then  become  slightly  irregular,  while  in  auricular  tachy- 
cardia the  rhythm  is  constantly  regular  even  for  hours. 


CONCLUSIOX.S. 

The  rhythm  of  the  heart  in  ventricular  tachycardia,  although  fairly 
regular,  shows  variations  in  the  length  of  the  cycles  that  are  appreciable, 
often  0-1  of  a  second  in  consecutive  cycles,  and  sometimes  as  high  as  0-19  of  a 
second.  The  average  variation  of  consecutive  beats  in  the  two  cases  of 
ventricular  tachycardia  studied,  was  over  10  times  as  great  as  the  average 
variation  in  cases  of  simple  paroxysmal  tachycardia.  The  arrhythmia  can 
be  detected  by  auscultation  of  the  heart.  It  is  suggested  that  this  may  help 
to  distinguish  clinically  the  ventricular  from  the  auricular  tachj-cardia. 
This  differentiation  is  important  because  the  prognosis  of  ventricular 
tachycardia  is  always  grave  while  that  of  auricular  tachycardia  is  not 
necessarily  so. 
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.  1.  Case  1.  Above  on  the  left  are  curves  taken  by  the  three  leads  ou  Januai-j-  the  Gth, 
1920,  showing  normal  rhythm,  and  those  taken  on  January  the  7th,  showing  tachycardia. 
On  the  right  is  Lead  II  taken  on  January  the  (ith  and  showing  three  ventricular  extrosystoles. 
Below  is — Lead  ///  taken  on  January  the  7th  and  showing  tachycardia.  Note  variations 
in  tile  length  of  the  interventricular  iiitervals. 


.  2a.  f  V;.vr  2.  Tracing  taken  on  December  the  9th,  1910,  and  showing  auricular  tachycardia, 
rate  148.  The  lengths  of  interventricular  intervals  are  indicated  above  the  curves.  Xote 
the  regularity  of  the  auricular  tachycardia  in  Fig.  2a  and  the  irregularity  of  the  ventricular 
tachycardia  in  Fig.  26. 
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Figs.  3,  4,  and  5: — Fig.  3.  Case  2.  Lead  ///taken  on  December  tlie  11th,  1916,  and  showing 
normal  rhytlun  interrupted  by  one  ventricular  extra.systole.  Fig.  -t.  Case.  3.  Three  leads 
taken  on  October  the  29th,  1910,  and  showing  normal  rhythm  and  those  taken  on  Xoveraljer 
the  3rd,  1916,  and  showing  tachycardia.  Fig.  5.  Ca-ie  3.  Lead  /  taken  on  November 
the  3rd,  1916,  during  tachycardia.  Note  variations  in  the  length  of  interventricular  intervals. 


THE  INFLUENCE  OF  CIRCULATORY  CHANGES  ON  THE  GASEOUS 
EXCHANGES  OF  THE  BLOOD. 

III.— AX    EXPERIMENTAL    STUDY    OF  ('IRClL.\TOKY    STASIS. 

By    LUCIEN    DAUTREBANDE,    U.    WHITRIDGE    DA  VIES,    and 
JONATHAN   MEAKINS. 

{From  the  Department-  of  Therapeutics,   I'niver.sity  of  Edinburgh.} 


1 . — Introductory. 

While  investigating  the  blood  gases  and  respiratory  function  in  cases 
of  mitral  stenosis,  Meakins,  Dautrebande  and  Fetter,  whose  results  appear 
in  a  subsequent  paper  of  the  present  series,  found  certain  anomahes.  These 
authors  investigated  the  carbon  dioxide  dissociation  curves  of  the  blood 
of  such  patients,  u.sing  blood  drawn  from  a  superficial  arm  vein.  In  addition 
they  investigated  the  carbon  dioxide  content  of  arterial  blood,  obtained  by 
puncture  of  the  radial  arterj^  as  well  as  the  carbon  dioxide  pressure  of  the 
mixed  alveolar  air  to  which  the  blood  is  exposed  in  its  passage  through 
the  capillaries  of  the  lung  alveoli.  Hence,  knowing  the  carbon  dioxide 
dissociation  curve,  and  the  pressure  of  carbon  cUoxide  to  which  the  arterial 
blood  is  exjDosed  in  the  lungs,  the  amount  of  carbon  dioxide  which  should 
exist  in  the  arterial  blood,  can  be  read  off  from  the  curve.  In  normal  subjects 
tills  amount  agrees  very  closely  with  that  actually  found,  but  in  the  jiatients 
under  investigation  it  was  much  less.  If,  however,  one  calculated  tiie  carbon 
dioxide  content  of  the  arterial  blood  at  the  existing  alveolar  carbon 
dioxide  pressure,  using  the  dissociation  curve  of  the  blood  of  a  normal 
subject  (that  of  Haldane^  or  either  of  the  present  authors,  all  four  of  which 
are  in  close  agreement)  it  was  found  that  the  theoretical  amount  of  carbon 
dioxide  in  the  arterial  blood  agreed  very  closely  ^^•ith  that  actualh'  found. 
This  fact  suggested  that  the  carbon  dioxide  dissociation  curve  of  blood  from 
a  peripheral  vein  was  different  from  that  of  the  arterial  blood,  and,  moreover, 
as  this  anomaly  was  present  only  in  cases  with  considerably  diminished 
circulation  rate,  it  appeared  j^robable  that  local  stasis  might  result  in  some 
change  which  would  lower  the  carbon  dioxide  combining  power  ('"  alkahue 
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reserve  ")  of  the  blood.  The  truth  of  thi.s  latter  supposition  was  established 
by  removing  the  stasis*  (immersion  of  forearm  in  hot  water  for  about  15 
minutes),  and  in  one  case  by  taking  arterial  blood.  It  was  found  that  the 
arterial  blood  and  the  venous  blood  when  the  arm  was  placed  in  hot  water 
showed  a  carbon  dioxide  dissociation  curve  equal  to  or  closely  approxi- 
mating the  normalf  (Haldane,^  Dautrebande^,  Davies'',  Mealdns^),  and, 
moreover,  in  each  case  the  arterial  carbon  dioxide  content  actually  found 
agreed,  within  the  limits  of  experimental  error  (-0-5  volume  per  cent.), 
with  that  calculated  u.sing  such  curvc.<. 

In  order  to  investigate  the  moans  whereby  such  a  change  in  the  carbon 
dioxide  dissociation  curve  is  brought  about,  it  seemed  apposite  to  determine 
whether  such  a  concUtion  could  be  produced  experimentally  by  stasis  in 
normal  subjects.  It  was  considered  possible,  in  such  circumstances,  to  study 
the  changes  in  greater  detail  and  tiiiis  obtain  some  more  definite  idea  of  their 
nature. 

2. — Production  of  experimodal  stasis  ;  symptoins  and  siynti  observed.   Methods. 

In  all,  four  experiments  were  performed,  the  duration  of  the  stasis  being 
shown  in  the  results  for  each  experiment  (Tables  I  and  II).  In  the  first 
experiment  (that  on  L.  D.,  Table  1,  7.9.22)  the  stasis  was  produced  by  means 
of  a  piece  of  rubber  pressure  tubing  passed  twice  round  the  arm  and  tied  so 
tightly  as  completely  to  cut  off  all  circulation,  arterial  and  venous.  In  the 
other  three  exjieriments  the  stasis  was  produced  and  maintained  by  means 
of  the  pneumatic  cuff  of  a  sphygmomanometer,  tlie  pressure  being  kept 
within  3  mm.  (±)  of  the  observed  systolic  pressure  (125  ram.  in  the  case  of 
H.  W.  D.,  and  100  in  the  case  of  L.  D.).  Throughout  the  whole  period  there 
was  considerable  pain  in  the  region  just  below  that  where  the  pressure  was 
apphed.  During  tlie  first  few  minutes  there  were  sensations  of  pins  and 
needles,  after  which  a  burning  sensation  was  noticed  in  the  whole  forearm, 
but  especially  in  the  distal  part.  During  this  period  the  skin  took  on  a 
peculiar  mottled  appearance,  with  salmon-pink  areas  of  the  size  of  about  a 
centimetre  across,  enclosed  in  a  reticulum  of  cyanosis.    After  about  fifteen 

*  That  the  stasis  was  completely  removed  by  this  means  was  shown  by  the  fact  that  the 
venous  carbon  dioxide  content  and  oxygen  saturation  closely  approximated  those  of  arterial 
blood. 

t  In  the  case  of  H.  W.  1).  and  L.  D.  the  determinations  of  the  carlx)n  dioxide  dissociation 
curve  have  been  very  complete.  In  a  number  cf  experiments  for  various  purposes  we  have 
detennined  points  on  tliese  two  cur\'es  amoimting  during  the  last  eighteen  months  to  almost 
fifty  in  each.  In  every  case  the  points  obtained  under  normal  conditions  agreed  verj-  closely 
with  those  for  Haldane's  lilood.  In  the  original  work  on  Haldane's  blood  the  determinations 
were  made  with  blood  ol>tained  from  a  linger  prick  where  there  was  no  question  of  stasis.  In 
our  own  cases  we  used  venous  blood,  but  always  taking  care  to  avoid  stasis.  We  have  also  found  a 
similar  dose  approximation  to  Haldane's  curve  in  a  number  of  impublished  observations  on 
patients  in  whom  there  is  no  reason  to  suspect  any  almormality  of  the  carbon  dioxide  dissociation 
curve.  Hence  we  are  inclined  to  believe  that  some  at  least  of  the  published  carbon  dioxide 
dissociation  ctirves  which  are  definitely  lower  than  that  of  Haldane  may  be  incorrect  on  account 
of  some  local  stasis  before  or  when  the  blood  was  dra\vni,and,  further,  that  if  one  detennined  the 
carbon  dio.xide  dissociation  curves  of  a  number  of  nonnal  people  under  standardised  conditions 
and  without  exercise  or  stasis  one  would  find  that  these  curves  would  approximate  ver^'  closely 
to  that  of  Haldane, 
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minutes  (except  in  the  first  ex2)erinient)  definite  swelling  was  apparent,  all 
sensation  was  lost,  and  the  cyanosis,  especially  distally,  became  uniform, 
and  reached  its  maximum  intensity.  At  this  period  all  power  of  movement 
gradually  disappeared,  the  thumb  being  first  paralysed,  followed  by  the 
forefinger,  middle  and  little  fingers,  and  lastly  the  ring  finger.  The  forearm 
and  hand  remained  in  this  completely  "  dead  "  condition  throughout  the 
remainder  of  the  period.  Comiilete  movement  and  sensation  returned  within 
a  few  seconds  after  the  constriction  was  removed.  On  removing  the  stasis, 
a  purpuric  rash,  previously  obscured  by  the  cyanosis,  became  apparent  and 
remained  for  .several  days.  In  the  last  three  experiments  no  general  symptons 
were  observed,  except  in  the  case  of  H.  W.  D.  (on  11.9.22)  when  slight 
chilly  sensations  were  noticed  a  few  minutes  after  removal  of  the  stasis.  In 
the  first  experiment  on  L.  D.  (7.9.22)  all  the  above  symptoms  occurred  with 
the  exception  of  the  purpuric  rash  and  the  swelling. 

The  blood  was  di-awn  from  the  median  basiHc  vein  into  a  50  cc.  "  Record  " 
syringe  in  which  had  been  placed  two  or  three  ces.  of  paraffin  to  prevent 
contact  \nth  air,  potassium  oxalate  to  make  0-5  per  cent,  in  the  blood  in 
order  to  prevent  clotting,  and  a  trace  of  sodium  fluoride  (about  01  per  cent.) 
which,  as  Lovatt  Evans^-  has  shown,  prevents  glycolysis  and  lactic  acid 
formation  after  the  blood  has  been  drawn*.  The  arterial  blood,  where 
required,  was  obtained  by  puncture  of  the  radial  artery  in  the  manner 
described  by  Meakins  and  Davies.^^ 

The  carbon  dioxide  content  and  the  oxygen  saturation  of  tlie  blood  were 
determined  by  means  of  the  new  Haldane  blood  gas  apparatus.^  Carbon 
dioxide  capacity  was  determined  by  the  same  apparatus,  after  exposing 
blood  in  a  saturator  at  37"C.  to  a  known  partial  pressure  of  carbon  dioxide 
in  the  manner  described  by  Christiansen,  Douglas,  and  Haldane.^ 

The  pH  was  not  determined  cUrectly,  but  calculated  from  the  ratio 

"- carbon  dioxide,  using  Hasselbalch's^"  formula.  pH  =  pK,  +  log  (-— —  | 

free  '^  i         i     ^         '^\CO,j 

taking  6-1  as  the  value  for  pKj.  This  formula  gives  values  which  are  very 
exact  under  normal  circumstances,  but  which  may  be  sfightlj'  inaccurate 
under  the  extreme  contUtions  existing  after  prolonged  stasis.  At  any  rate, 
the  values  can  be  refied  on  to     0-03. 

Blood  and  plasma  chlorides  were  determined  by  the  method  of  \\'etmorei*' 
slightly  modified  in  that  the  amount  of  blood  or  plasma  used  in  each 
determination  was  estimated  by  weight  and  not  by  volume.  We  have  shown 
elsewhere*  that  duplicate  readings  by  this  method  invariably  agreed  to  within 
one  per  cent. 

Lactic  acid  was  estimated  by  the  method  described  by  RyffeP".  Hsenia- 
tocrit  readings  were  obtained  by  using  graduated  centrifuge  tubes,   and 


*  In  the  e.xperiir.ents  shown  in  Table  II  fluoride  was  not  added  on  accoxmt  of  chloride 
estimation,  lactir  acid  formation  being  prevented  by  avoidance  of  delay  in  continuing  liie 
experiment. 
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ccntrifugalising  the  blood  uiuler  paraffin.  Hsemoglobin  readings  were 
obtained  with  the  Haldane-Gowers  instrument,  which  has  been  shown  by 
Meakins  and  Davies^^  to  be  accurate  witlun  one  per  cent.,  provided  sufficient 
care  be  taken. 

3. —  Changes  occurring  in  venous  blood  after  stasis. 

The  exjierimental  results  of  all  four  experiments  are  shown  in  Tables  1 
and  II.    They  are  best  described  under  six  headings  : — 

(a.)  The  outstanding  feature  which  occurred  in  all  four  experiments  was  the 
diminution  in  carbon  dioxide  combining  power  ("  alkaUne  reserve  ").    Thus 


->P.  CO.,,  mm 


Fig.    1.     Stasis  experiments  :  — 

X   =  L.  D.     7.9.22. 
□  =  H.  W.  D.      11.9.22. 

1  =  C0„  capacity,  normal  blood,  before  stasis. 

2  =  C0„  capacity,  after  stasis. 

3  =  CO„  content,  venous  blood,  after  stasis. 
pH  X  3  =  6-80. 

pH  [T]  3  =  6-79. 


it  can  be  seen  from  Table  I  and  Fig.  1  that  in  both  subjects  the  carbon 
dioxide  combining  power  of  blood  at  40  mm.  carbon  dioxide  pressure  was 
diminished  by  14  volumes  per  cent.,*  rep re.senting  a  diminution  of  approxi- 
mate!}'  28  per  cent,   in   "  alkaUne  reserve."     The  actual  carbon   dioxide 

*  Bj'  volumes  per  cent,  is  meant  the  number  of  cc.  of  gas  (corrected  to  dry  volume  at  standard 
temperature  and  pressure)  contained  in  100  ec.  of  a  given  liquid  (whole  blood,  plasma,  or 
corpuscles). 
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content  of  the  blood  after  stasis  did  not  show  more  than  a  slight  increase,  but 
in  view  of  the  fall  in  the  carbon  dioxide  dissociation  curve  (Fig.  1)  this 
represents  a  great  increase  in  the  carbon  dioxide  pressure  of  the  blood  and 
tissues,  amounting  to  166  mm.  in  the  case  of  L.  D.  and  148  mm.  in  the 
case  of  H.  W.  D.  Consequently  the  pH  of  the  blood  under  these 
circumstances  must  have  been  of  the  order  of  6-80  and  6-79,  respectively. 


>  CO.,  pressure,  mm.  Hg. 

Stasis  experiments : — 


a=H.  W.  D.     G.  10.22. 
X   =  L.  D.     10.10.22. 

1  =  Normal  blood  before  stasis,  CO.,  capacity. 

2  =  CO  .2  capacity  after  stasis. 

3  =  CO„  content  venous  blood,  after  stasis. 
pH  =  □  3  =  7-10. 

pH  =   X  3  =  710. 


In  the  later  experiments,  shown  in  Table  II  and  Fig.  2,  these  results  are 
confirmed.  Here  the  stasis  was  of  shorter  duration  and  the  results  more 
comparable  with  those  found  in  patients  with  mitral  stenosis.  That  these 
manifestations  were  purely  local  was  shown  in  the  case  of  H.  W.  D.  (Table  I, 
11.9.22).  Just  before  the  stasis  was  released  blood  was  di-awn  from  the 
other  arm  and  showed  an  absolutely  normal  carbon  dioxide  combining 
capacity.     A  further  interesting  fact  which  may  be  seen  from  Table  II  is 
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the  distribution  of  carbon  dioxide  between  plasma  and  cells.  Thus  before 
stasis  the  plasma  contained  58- 15  volumes  per  cent,  of  carbon  dioxide,  and 
the  corpuscles  31-37  volumes  per  cent..  After  stasis  the  ratio  of  volume 
per  cent,  in  plasma  to  that  in  cells  was  greatly  increased,  that  in  the 
plasma  was  increased  (6309  volumes  per  cent.),  and  that  in  the  cells  (26-70 
volumes  per  cent.)  was  diminished.  The  increase  in  the  plasma  is  of 
interest  in  view  of  the  reduction  of  '"  alkaline  reserve."  This  jjoint  is 
discussed  later  (page  143). 

(6.)  The  next  point  of  importance  was  that  in  all  four  experiments,  there  was 
a  considerable  concentration  of  the  blood.  Thus  in  Table  I,  in  the  case  of 
L.  D.,  the  total  oxygen  capacity  increased  from  18-60  cc.  volumes  per  cent, 
to  20-80  cc.  volumes  per  cent.,  that  is  to  say,  the  haemoglobin  percentage 
on  the  Haldane  scale  increased  from  100  per  cent,  to  112  jier  cent..  In  the 
case  of  H.  W.  D.  the  increase  was  from  16-30  volumes  per  cent,  to  21-33 
volumes  per  cent.  (88  per  cent,  to  115  per  cent,  haemoglobin).  In  Table  II 
these  increases  may  also  be  seen  and  in  the  case  of  H.  W.  D.  were  confirmed 
by  means  of  red  ceU  count.  Thus  it  is  demonstrated  that  the  blood  on  all 
four  occa.sions  lost  on  an  average  approximately  twenty  per  cent,  of  its  water. 
This  water  could  only  have  passed  to  the  tissues.  With  regard  to  the  con- 
centration of  the  blood,  one  can  i-eadily  see  from  the  haemoglobin  and 
hematocrit  readings  of  Table  II  that,  in  proportion  to  its  original  bulk,  the 
plasma  loses  about  three  times  as  much  water  as  the  corpuscles.  If  one 
considers  what  happens  to  100  cc.  of  the  original  blood  of  which  the 
haemoglobin  was  83  per  cent.,  it  is  evident  that  in  order  to  concentrate  this 
blood  to  a  haemoglobin  percentage  of  106,  it  must  have  diminished  in  bulk  to 

83 
100  X  ,=  78  cc,  a  loss  of  22  cc.  of  water,  assuming  that  all  the  haemo- 
globin remained  in  the  vascular  system.  Of  the  original  100  cc,  according  to 
the  haematocrit,  39  cc.  were  corpuscles.  Of  the  final  78  cc.  44-5  per  cent,  were 
corpuscles.  Now  44-5  per  cent,  of  78  cc.  is  35  cc.  Therefore  what  originally 
was  39  cc.  of  corjjuscles  has  diminished  in  bulk  to  35  cc.  Therefore,  100  cc. 
of  blood  loses  4  cc.  of  water  from  its  corpuscles,  or  10  per  cent,  of  their  bulk. 
If  one  makes  a  similar  calculation  for  plasma,  it  can  be  seen  that  the  latter 
loses  30  per  cent,  of  its  volume,  while  each  100  cc.  of  blood  loses  18  cc.  of 
water  from  its  plasma.  In  making  this  calculation  we  have  assumed  that  all 
the  haemoglobin  has  remained  in  the  vascular  system.  This  assumption  is 
not  strictly  warranted,  owing  to  the  presence  of  the  purpuric  rash.  This 
latter  factor,  however,  would  represent  such  a  small  proportion  of  the  total 
haemoglobin  that  for  practical  purposes  it  can  be  neglected.  Moreover,  on  no 
occasion  was  any  haemoglobinuria  observed  after  these  experiments. 

(c.)  From  Table  II  it  can  be  seen  that  the  chloride  percentaye  of  the  whole 
blood  remained  sensibly  the  same.  This  fact,  taken  in  conjunction  with  the 
loss  of  fluid  from  the  blood,  indicates  a  loss  of  chlorides  to  the  tissues.  Just 
as  the  loss  of  water  was  calculated,  so  also  it  is  possible  to  say  exactly  how 
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much  NaCl  passed  to  tlie  tissues.     As  100  cc.  of  original  blood  contained 

474  mg.  of  NaCl,  and  as  the  percentage  of  NaCl  remains  sensibly  the  same 

after  this  amount  of  blood  has  diminished  in  bulk  to  78  cc,  therefore  in  the 

78 
78  cc.  of  blood  there  will  be  474  x  —  =370  mg.  of  NaCl.    Hence  the  blood, 

100 

when  it  lost  22  cc.  of  water,  also  lost  104  mg.  of  NaCl.    That  is  to  say,  that 

the  chloride  percentage  in  the  escaping  fluid  -[  —  x  100  =  473  |  is  exactly 

the  same  as  that  in  the  whole  blood. 

In  addition  there  has  been  a  redistribution  of  chlorides  between  the 

plasma  and  corpuscles  in  the  blood  itself.     Thus  it  can  be  seen  that  the 

chloride  percentage  in  the  plasma  fell  from  591  mg.  per  cent,  to  545  mg.  per 

cent.     From  these  figures,  together  with  the  hsematocrit  readings  and  the 

percentage  of  chloride  in  whole  blood,  we  may  calculate  the  percentages  and 

absolute    amounts  of  chlorides  in  the  corpuscles.     As  a  result    of   such    a 

calculation  we  find  that  during  stasis  the  percentage  of  chlorides  in  the 

corpuscular  mass  has  increased  from  292  mg.  per  cent,  to  381  mg.  per  cent.* 

We  have  also  seen  that  what  was  originally  100  cc.  of  blood  has  become 

78  cc,  and  what  was  originally  39  cc  of  corpuscles  has  become  35  cc.    Now 

292 
the  39  cc.  of  original  corpuscles  contained  39  x —  =114  mg.  of  NaCl,  while 
«  1  100  ^ 

381 
the  final  35  cc  contained  35  x  —  =133  mg.  of  NaCl.    Therefore  while  from 

100  * 

everj^  100  cc  of  original  blood  104  mg.  of   NaCI   passed  to  the  tissues,  in 

addition  19  mg.  passed  from  the  plasma  to  the  corpuscles.     This  chloride 

redistribution  in  the  blood  itself  is  a  well-known  phenomena  in  vitro,  but  so 

far  as  we  are  aware  it  has  not  hitherto  been  shown  exjierimentally  to  occur 

in  the  living  body.     Dautrebande  and  Davies^  have  elsewhere  described 

experiments  concerning  this  i^henomenon,  wliich.  as  will  be  seen  later,  will 

explain  in  part  the  loss  of  bicarbonate  (diminished  alkaline  reserve)  of  the 

blood  in  conditions  of  stasis. 

(d.)  In  one  experiment  (Table  I,  H.  W.  D.,  11.9.22)  the  conductivity  of  the 

blood  serum  was  measured  before  and  after  stasis.     We  are  indebted  to 

Air.  A.  R.  McClure,  of  this  department,  for  these  measurements.     For  this 

purpose  special  samples  of  blood  were  drawn  in  a  s5Tinge  without  oxalate 

*  In  the  blood  before  stasis  let  x  equal  the  number  of  mg.  per  cent,  of  NaCl  in  the  corpuscles. 
Now  it  was  found  that  in  this  blood  there  were  39-3  per  cent,  of  corpuscles  and  consequently 
60-7  per  cent,  of  plasma.  The  chloride  percentage  in  the  plasma  was  591  mg.,  and  in  whole 
blood  474  mg.  (Table  II). 


Hence   (^^  x  39-3)    +    (fg,  x  60-7)   = 

g  this  simple  equation,  we  find   x  — 
rly  for  blood  after  stasis — 
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and  without  contact  with  air.  The  blood  was  then  centrifuged  under  a 
layer  of  paraffin  in  order  to  avoid  escape  of  carbon  dioxide,  and  the  electiical 
conductivity  of  the  serum  measured  at  37^'C.  This  was  found  in  the  blood 
before  stasis  to  be  equal  to  that  of  an  aqueous  solution  containing  0-66  per 
cent,  of  NaCl,  while  that  after  stasis  was  equal  to  0-56  per  cent.  The  normal 
range  is  from  0-64  to  0-69,  hence  the  serum  before  stasis  was  of  normal 
conductivity  while  after  stasis  the  conductivity  was  diminished.*  This 
marked  diminution  of  conductivity  indicates  that  the  serum  has  lost  salts 
in  greater  proportion  than  it  has  lost  water.  And  one  may  justly  assume 
that  the  loss  has  not  been  confined  entirely  to  that  of  NaCl. 

(e.)  In  order  to  account  for  the  diminished  carbon  dioxide  combining  capacity 
of  blood  after  stasis,  there  are  two  possible  explanations. 

(1)  The  presence  of  a  lactic  acid  acidosis. 

(2)  The  passage  from  the  blood  to  the  tissues  of  salts,  including 
bicarbonate. 

Barcroft  and  Ms  associates'  have  shown  that  a  lactic  acid  acidosis  may 
occur  in  conditions  of  oxygen  want,  especially  when  associated  with  muscular 
work.  In  the  present  experiments  the  conditions  were  those  of  a  severe  local 
asphyxia,  and  it  was  considered  possible  that  a  lactic  acid  acidcsis  might 
account  for  some  if  not  all  of  the  diminution  of  "  alkaUne  reserve."  The 
experiments  in  Table  II,  however,  show  conclusively  that  this  is  not  so, 
there  being  no  sensible  increase  in  lactic  acid  after  stasis  in  either  experiment. 
Such  increase  as  appears  (1  nig.  per  cent.)  is  within  the  limits  of  experimental 
error,  and  an  increase  even  greater  than  this  would  account  only  for  an 
infinitesimal  proportion  of  the  diminution  of  "  alkaline  reserve." 

(/.)  In  addition  to  the  great  carbon  cUoxide  acidosis,  and  the  fall  in  carbon 
dioxide  combining  jDower  of  the  blood  it  was  found  after  stasis  (Table  I)  that 
the  oxygen  desaturation  of  the  blood  was  extreme.  Hence  the  condition 
was  one  of  severe  local  asphyxia. 

4. — Discussion  of  causes  producing  blood  changes  observed  during  stasis. 

From  the  experiments  described  above  it  has  been  seen  that  in  local 
stasis  the  conditions  are  those  of  severe  local  asphyxia.  Associated  ■with  this 
there  is  a  diminished  carbon  dioxide  combining  power  of  the  blood 
(diminished  "  alkaUne  reserve  ").  Moreover,  it  has  been  shown  that  this 
diminished  "  alkaUne  reserve  "  is  not  due  to  a  lactic  acid  (non-gaseous) 
acidosis.  Therefore  this  diminished  alkaline  reserve  must  be  due  to  loss  of 
alkaU  (bicarbonate)  from  the  blood  to  the  tissues,  brought  about  in  some 

*  Mr.  McClure  (personal  commuiiieatioii)  in  iin|jnljlished  observsitions  lias  foiuicl  a  lower 
conductivity  in  only  two  cases — that  of  patients  with  purpura.  In  conditions  of  parenchymatous 
nephritis  with  chloride  retention  the  conductivity  is  increased  to  considerably  above  normal 
limits,  readings  equal  to  an  aqueous  solution  of  0-71  to  0-7:i  per  cent,  of  NaCl  beitin  obtained. 
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way  as  a  result  of  the  extreme  carbon  dioxide  (gaseous)  aeidosis.*  Zuntz'' 
sliovved  many  years  ago  that  when  carbon  dioxide  was  added  to  blood,  the 
pla?ma.  when  separated  without  loss  of  the  gas,  was  capa})le  of  combining 
with  much  more  carbon  dioxide  than  was  the  case  when  the  plasma  was 
separated  from  blood  containing  little  or  no  carbon  dioxide.  The  inter- 
pretation he  gave  to  this  phenomenon  was  that  the  adchtion  of  carbon  dioxide 
brought  about  a  passage  of  base  from  corpuscles  to  plasma.  Later,  however, 
Giirber'  and  otherst  showed  that  what  really  hapjiens  is  not  a  passage  of 
alkali  from  corpuscles  to  plasma,  but  a  passage  of  hydrochloric  acid  in  the 
reverse  direction.  The  carbonic  acid,  therefore,  can  displace  CI  from 
dissociated  XaCl  ions  forming  bicarbonate  and  HCl.  the  latter  passing 
into  the  corpuscles  and  combining  mth  the  available  alkali  there,  although, 
as  Hamburger^  has  shown,  there  is  also  a  slight  interchange  of  kations  in 
addition.  Hence  it  can  be  seen  that  at  increased  carbon  dioxide  pressures 
the  plasma  becomes  richer  in  bicarbonate. 

Not  only  does  carbon  dioxide  displace  alkali  from  the  inorganic  :;dts 
of  the  blood  but  in  addition  it  comp/etes  with  other  weak  acids  for  the 
available  alkali.  These  other  weak  acids  consists  of  the  proteins,  hsemogloljiu 
and  the  plasma  proteins,  wliich,  at  the  liydrogen-ion  concentration  existing 
within  the  phJ^siological  range,  behave  as  acids  and  combine  -with  alkaU.  Thus 
we  have  in  blood,  outside  the  body,  a  system  containing  a  fixed  amount  of 
available  alkali,  and  a  number  of  weak  acids  which  vary  in  amount  as 
Parsons^*  has  clearly  shown.  J  In  the  body,  however,  there  is  the  relationship 
between  the  blood  and  tissues,  and  what  occurs  in  the  latter  can  be  only 
inferred.  We  have  seen,  however,  that  during  sta.sis  the  blood  loses  water, 
and  sodium  chloride  to  the  tissues.  It  appears  probable,  therefore,  that  the 
])lasma  will  also  lose  other  salts,  inclutHng  bicarbonate,  in  their  respective 
projiortions.  From  the  work  of  Zuntz,  Giirber,  Hamburger,  and  others 
already  mentioned,  it  can  be  seen  that  in  conditions  of  asphyxia  with  a  carbon 
dio.xide  acidosis  the  plasma  is  richer  in  bicarbonate  than  normally.  That  this 
occurs  has  already  been  demonstrated,  page  140.  Therefore  since  in  such 
circumstances  the  blood  has  lost  salts,  it  seems  that  it  would  lose  a  greater 
amount  of  bicarbonate  than  would  occur  if  the  carbon  dioxide  pressure 
remained  normal.  Such  a  loss  would  account  for  the  facts  we  have  observed, 
and  would  result  in  a  rechstribution  of  salts  between  the  blood  and  the  tissues. 
This  was  further  indicated  by  the  change  in  conducti\ity  of  the  serum. 


*  It  is  somewhat  of  an  anomaly  to  find  n  carbon  dioxkle  acidosis  a'wociated  with  a  dirainislioil 
carbon  dioxide  carrjing  capacity.  In  conditions  of  chronic  carbon  dioxide  retention,  as  for 
example  in  chronic  emphysema,  one  usually  finds  an  increase  of  "'  alkaline  reserve."  In  these 
conditions,  however,  the  carbon  dioxide  roteiitioii  affects  the  arterial  as  well  as  the  venous  blood, 
■md  the  increase  of  alkaline  reser\o  is  of  the  natuic  of  a  slowly  produced  physiological  adaptation 
to  a  chronic  disability. 

t  For  a  discussion  of  this  phenomenon,  see  Dautreljande  and  Davics. ' 

t  For  a  review  of  the  carbon  dioxide  carriers  of  the  blood,  see  Donald  V'an  Slykc,  I'liysioloijical 
Reviews,  1921,  I,  No.  1. 
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5. — Effects  of  removal  of  phivma  in  vitro. 

Ill  order  to  test  in  vitro  the  effect  of  removal  of  plasma  from  blood  at 

various  carbon  dioxide  pressures,  the  experiments  shown  in  Table  III  and 

Fig.    3    were  performed.     It  can  be  seen  that  the   points  for  normal  blood 

(column  4,  Table  III)  fell  almost  exactly  upon  Haldane's  curve  (Fig.  3).    This 
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Fig.  3. 
Effect  of  concentration  of  blood  : 

1  and  2  =  10  eo.  of  l>lood,  miniLs  2  and  .'5  cc.   of   plasma,  respectively,  without  |)recautions 

for  escape  of  CO„. 
3=10  cc.  of  blood  minus  3  cc.  of  plasma  ;  venous  blood  centrifuged  without  escape  of  CO... 
4=Venous  blood  arterialised,  exposed  to   105  mm.  CO„,  centrifuged  under  parafHn  and 
concentrated  (10  cc.  of  blood,  minus  3  cc.  of  plasma). 

blood  was  concentrated  in  each  case  by  centrifuging  for  a  short  time  and 
withdrawing  3  ec.  of  plasma  from  each  10  cc.  of  blood,  after  which  the 
corpuscles  were  then  shaken  up  with  the  remaining  plasma.  It  can  be  seen 
(Fig.  3,  Nos.  1  and  2)  that  blood  so  concentrated  at  low  carbon  dioxide 
pressures  loses  very  little  of  its  carbon  dioxide  combining  capacity,  mainly  on 
account  of  the  fact  that  a  large  proportion  of  the  available  alkali  is  combined, 
with  the  haemoglobin.  If,  however,  one  concentrates  the  blood  without 
allowing  escape  of  carbon  dioxide  (Fig.  3,  No.  3)  or  after  expo-sing  blood  to  a 
high  pressure  of  carbon  dioxide  (Fig  3,  Nos.  4),  it  can  be  seen  that  the  effect 
upon  the  carbon  dioxide  combining  capacity  is  comparable  to  that  obtained 
after  stasis.  These  results  are  similar  to  what  may  be  inferred  from  the 
results  of  Joffe  and  Poulton". 


146    D  A  U  TREBANDE,     DA  V  lES     AND     ME  AKIN  S. 


s 

After    correc-tion    for 
dilution.     Standard 
hfemoglobin    at 
106% 

> 

i     ;' 

S 

^E-a  S   •  u  P  .,      f-.-i 

r3 

CO, 

capacity 

at 
55-4  mm. 
of  blood         Hb. 
dialysed 
against           %. 

Ringer 
solution 
without 

CO,. 

= 

CI                         n 

- 

I    s? 

05 

CO, 

capacity 

at 
•27-5  mm. 
of  blood 
dialysed 
icgainst 
Bayliss- 
Ringer 
without 
CO,. 

27-02 
32-05 

s 

I     c- 

IN 

CO, 
capacity 
at  54  mm, 
of  blood 
dialysed 
against 
Ringer 
Solution 
at  90  mm. 
CO.,  and 
at  37''C. 

31-04 
1    35-8 

- 

i  ^s 

^                                    1 

CO, 

capacity 

at 
38-4  mm. 
of  blood 
dialysed 
against 
Bayliss- 
Ringer 
soUition 
at  102  mm. 
CO,  and 
at  37''C. 

28-4 
35-8 

- 

i  ^ 

o 

CO, 

capacity 

at  38  mm. 

normal 

blood. 

t^ 

Subject. 

a 

Q 

IN 

CIRCULATORY     STASIS. 
6. — Dialysis  e.vpeiitnenls. 


147 


In  order  to  test  tlie  effect  of  changes  in  carbon  dioxide  jircssurc  upon  the 
distribution  of  water  and  bicarbonate  between  the  blood  and  a  surrounding 
medium,  four  experiments  were  performed.  The  results  are  shown  in 
Table  IV  and  Fig.  4.     A  sample  of  blood  (50  cc.)  was  drawn  from  a  vein 


^^^ 

«1 

^ 

KB' 

^^'' 

xt 

xc' 

/ 

^              XI 

xc 

s 

1 

/ 

-'' 

A 

[ 

„ 

0-       ■   ■            ( 

<                       1 

>  CO.,  pressure  mm.  Hg. 

Fig.  4. 

Dialysis  experiments  : 

X   =  Preliminary  normal. 

A  =  Blood  dialysed  against  Ringer  at  37°  C  and  90  mm.  CO,  pressvire. 

B  =  Blood  dialysed  against  Bayliss  gum  at  37°  and  102  mm.  CO„  pressure. 

C  =  Blood  dialysed  against  Bayliss  gum  at  37°C  and  in  air. 

D  =  Blood  dialysed  against  Kinger  in  ail-. 

E   =  Sample  of  ordinary  blood  kept  at  37°  for  same  period  as  A,  B,  C,  D. 

A',  B',  C,  D'  =  A,  B,  C,  D  corrected  for  dilution. 


without  stasis,  into  a  syringe  containing  oxalate  and  sodium  fluoride.  This 
was  divided  into  six  portions  of  about  8  cc.  each.  One  was  immediately 
placed  in  a  saturator  and  its  carbon  dioxide  capacity  determined.  This  was 
found  to  be  normal  (Table  IV,  column  I,  Fig.  4,  x). 
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Four  portions  were  placed  in  collodion  sacs  and  suspended  as 
follows  : — 

(a)  In  Baj'liss's  gum  solution,  6  per  cent,  gum  acacia  in  Ringer's 
solution  (Table  IV,  column  II ;  Fig.  4,  B),  with  a  supernatant  atmosphere 
whose  carbon  dioxide  pressure  was  102  mm.. 

(b)  In  ordinary  Ringer's  solution  at  a  carbon  dio.xide  jsressure  of  9(1  mm. 
(Table  IV,  column  III  ;  Fig.  4,  A). 

(c)  Bayliss's  gum  solution  in  atmosphere  of  ordinary  air  (Table  IV, 
column  IV  ;  Fig.  4,  C). 

(r/)  Ordinary  Ringer's  solution  in  atmosphere  of  air  (Table  1\', 
column  V  ;  Fig.  4.  B). 

All  four  were  placed  in  a  thermostat  at  37°C.  for  slightly  more  than  one  hour. 
At  the  end  of  this  period  the  blood  was  removed  from  the  sacs,  and  its  carbon 
dioxide  combining  capacity  determined  in  the  usual  manner.  In  no  case 
was  there  any  escape  of  haemoglobin  outwards  through  the  sac,  but  it  can 
be  seen  that  there  was  considerable  passage  of  water  inwards,  as  shown 
by  the  fall  in  haemoglobin  percentage  in  each  case.  In  all  four  experiments 
there  was  a  marked  diminution  in  carbon  cUoxide  combining  capacity.  This 
diminution  was  greater  than  could  be  accounted  for  by  simi)Ie  dilution  with 
water,  as  can  be  seen  from  A',  B',  C,  D',  of  Fig.  4,  where  this  factor  has 
been  corrected  for.  Moreover,  it  is  not  due  to  glycolysis,  as  this  was  prevented 
by  means  of  the  socUum  fluoride,  the  efficacy  of  which  was  demonstrated 
by  keeping  an  additional  portion  (No.  6)  of  the  same  blood  at  the  same 
temperature  and  for  the  same  time,  when  no  such  change  occurred,  as  can 
be  seen  from  Fig.  4,  Ex,  and  Table  IV,  column  VI. 

These  experiments  show  conclusively  that  bicarbonate  may  pass  out 
from  the  blood,  although  the  experimental  conditions  scarcely  reproduced 
those  occurring  in  the  living  body.  The  passage  of  water  inwards  might  be 
explained  on  the  grounds  of  the  hydroiihihc  character*  of  the  j^lasma  proteins, 
or  on  account  of  the  osmotic  pressure  of  the  plasma  proteins  being  greater 
than  that  of  Bajdiss's  gum  solution.  Further  experiments  along  these 
lines  ajjpear  to  be  indicated  under  conditions  which  more  nearly  represent 
those  occurring  in  the  living  body. 


*  An  account  of  the  hydration  of  colloiils  and  a  theory  of  oedema  based  upon  this  fact  i.s 
given  by  Martin  Fischer,     "  (Edema  and  Neplirilu,"  New  York,  1921. 
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7. — Discussion.     Donnan  membrane  equilibrium. 

The  following  schema  enables  one  to  obtain  some  idea  of  the  system 
with  which  we  are  dealing. 


Erythrocytic. 

Fkt^ma. 

^.^^«^.v. 

H;emogloljin. 

Plasma  proteins. 

Tissue  proteids. 

H    4- 
K   + 

Na-!- 

2 

H   + 
K   + 

Xa-h 

H    + 
K   -f 

Na-r 

Other  katioiis. 

i^ 

Other  kations. 

Other  kations. 

OH— 
HCO-— 
CI— 
SO,- 

OH— 
HCO-  — 

CI—" 
SO,— 

> 

OH— 
HCO  — 
CI— 
SO,— 

Other  anions. 

Other  anions. 

Other  anions. 

In  addition  water  and  some  c 

)f  the  electrolytes  would  be 

present  in  their  undissociated  forms. 

Thus  we  have  a  S3'stem  which,  for  the  sake  of  avoiding  undue  comj^lexity, 
we  may  represent  as  consisting  of  three  phases  separated  by  two  membranes, 
although  the  tissues  in  themselves  represent  almost  an  infinity  of  such 
phases.  With  regard  to  the  first  two  phases — those  of  the  blood  itself — the 
available  data  are  faily  complete,  but  with  regard  to  the  tissues  such 
knowledge  as  we  possess  is  mainly  inferred.  Donnan^-  has  shown  that 
when  a  membrane  separates  two  solutions  of  electrolytes,  one  of  which 
contains  one  ion  which  cannot  dififuse  through  the  membrane,  the  result 
«ill  be  an  unequal  distribution  of  the  diffusible  ions  on  the  opposite  sides  of 
the  membrane.*  This  distribution  follows  definite  mathematical  laws  which 
can  readily  be  determined  for  simple  systems,  and  gives  rise  to  changes  of 
potential  difference  and  hydrogen-ion  concentration  in  the  various  phases 
of  the  system. 

We  are  now  in  a  position  to  discuss  what  may  occur  in  conditions  of 
asphyxia,  such  as  are  present  in  the  tissues  in  conditions  of  local  and  general 
stasis.  In  such  circumstances,  as  has  been  previously  mentioned,  there 
exist  two  conditions,  namely,  oxygen  want,  and  a  great  increase  in  carbon 
dioxide.  The  former  will  disturb  the  equilibrium  of  the  system  by  making  the 
haemoglobin  behave  as  though  it  were  less  acid,  as  had  been  shown  by 
Christiansen,  Douglas  and  Haldane^  and  confirmed  by  numerous  other 
observers.  In  addition  oxj'gen  want  may  act  by  altering  the  condition  of  the 
membranes  themselves.  The  increase  of  carbon  dioxide  has  the  effect  of 
increasing  the  amount  of  free  (H^CO,)  and  combined  (bicarbonate)  carbonic 
acid  present,  and  indirectly  changing  the  distribution  of  diffusible  ions 
throughout  the  entire  system.     Such  a  redistribution  in  the  blood  itself 


*  For  full  discussion  of  Donnan's  Membrane  Equilibrium,  see  .Jacques  Loeb. 
the  Theory  oj  Colloidal  Behaviour"  New  York  and  London,  1922. 
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results,  as  we  have  seen,  in  a  considerable  increase  of  plasma  bicarbonate. 
This  in  turn  would  favour  the  passage  of  bicarbonate  to  the  tissues.  That, 
however,  is  not  the  complete  story,  for  we  have  yet  to  explain  the  passage 
of  water  in  the  same  direction.  In  the  dialysis  experiments  it  was  seen  that 
water  passed  into  the  blood  while  bicarbonate,  and  presumably  other  salts 
passed  out.  We  feel,  however,  that  the  true  explanation  hcs  in  the  water 
affinities  of  the  various  colloids  throughout  the  system.  There  is  no  doubt 
that  these  would  be  profoundly  modified  as  a  result  of  the  marked  changes 
of  pH  as  shown  by  Fischer,  although  he  worked  with  ranges  of  pH  even  more 
extreme  than  those  existing  in  the  blood  in  our  experiments.  The  pH  of  the 
tissues,  however,  must  be  much  lower  than  that  in  the  blood,  and  so,  as  long 
as  it  did  not  reach  the  isoelectric  ])oint  of  the  tissue  colloids,  it  would 
definitely  increase  their  hydration. 

We  have  excluded  lactic  acid  as  a  causative  or  even  contributory  factor 
in  the  phenomenon  of  diminished  bicarbonate  reserve  found  in  stasis.  There 
still  remains  the  possiblity  of  other  organic  acids  being  present.  Tn  view, 
however,  of  the  results  of  our  concentration  and  dialysis  experiments,  we 
consider  tliis  an  unnecessary  assumption. 

We  may  conclude  then  that  the  diminished  bicarbonate  reserve  in 
conditions  of  circulatory  stasis  is  the  result  of  a  passage  of  water  together 
with  bicarbonate  and  other  salts  from  the  blood  to  the  tissues.  Were  the 
data  with  regard  to  the  salts,  water  and  colloids  of  the  tissues  more  complete, 
it  seems  probable  that  the  phenomenon  would  be  found  to  be  a  "  Donnan 
membrane  equiUbrium."  There  is,  however,  a  complicating  factor,  namely, 
that  the  membranes  of  the  system  are  physiological  membranes,  consisting 
of  living  cells  and  as  such  they  are  profoundly  modified  by  conditions  of 
oxygen  want  and  carbon  dioxide  acidosis.  In  this  fact  we  have  the  probable 
explanation  of  the  escape  of  hsemoglobin  to  the  tissues  as  evidenced  by  the 
purpuric  rash. 

It  appears  that  although  much  work  remains  to  be  done  in  order  to 
explain  the  details  of  the  phenomenon,  our  experiments  point  to  a  most 
important  factor  in  the  production  of  oedema  in  cardiac  cases.  The  theory 
usually  accepted,  and  bases  on  mechanical  and  pathological  considerations, 
is  that  oedema  in  cardiac  patients  results  from  a  mechanical  squeezing  out 
of  fluid  from  the  ves.sels,  brought  about  by  increased  venous  and  capillary 
pressure.  This  purely  mechanical  theory  is  somewhat  unsatisfactory,  and, 
moreover,  does  not  explain  many  of  the  facts  which  we  have  described  above. 
Such  a  purely  mechanical  theory  would  dcmaiul  that  the  composition  of  the 
escaping  fluid,  at  any  rate  as  regards  salts,  would  be  identical  wth  that  of 
the  plasma.  It  has  already  been  shown  that  the  chloride  concentration 
in  the  escaping  fluid,  while  equal  to  that  of  whole  blood,  is  less  than  that  of 
the  plasma,  while  in  order  to  account  for  the  diminution  of  "  alkaline 
reserve,"  and  the  great  fall  in  the  electrical  conductivity  of  the  plasma  the 
bicarbonate  concentration  in  the  escaping  fluid  must  have  been  greater  than 
that  of  both  whole  blood  and  of  plasma.     These  facts  can  be  explained  in 
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the  main  by  Fi'^cIiL-r's  theory,  and  completely  on  the  broader  basis  of  the 
'■  Donnan  membrane  equilibrium.  "  The  essential  factor  in  such  an  explana- 
tion is  the  deficient  circulation  and  consequent  carbon  dioxide  acidosis.* 

In  our  experiments  the  occurrence  of  gross  oedema  could  not  with 
certainty  be  observ^ed.  Such  swelling  as  occurred  during  the  application 
of  the  stasis  was  mainly  of  the  nature  of  plethora.  In  such  circumstances 
the  increase  of  venous  and  capillary  jjressure  must  have  been  considerable, 
and  hence  the  absence  of  gross  oedema  is  in  itself  an  argument  against  the 
meciianical  pressure  theory.  On  the  other  hand,  the  loss  of  water  and  salts 
from  the  blood  must  have  resulted  in  a  corresponding  gain  by  the  tissues  and 
may  be  accepted  as  evidence  of  a  certain  amount  of  oedema. f  Such  oedema 
would  of  necessity  be  limited  by  the  sup2)ly  of  available  fluid  and  salts. 
Thus  it  can  be  seen  that  the  optimum  condition  for  the  development  of  a 
gross  oedema  is  a  circulation  so  slowed  as  to  result  in  a  carbon  dioxide 
acidosis,  but  not  as  slowed  as  greatly  to  restrict  the  supplj^  of  available  salts 
and  water.  We  have  evidence  to  show  that  these  conditions  occur  in  most, 
if  not  all,  cases  of  circulatory  oedema,  while  the  removal  of  such  conditions 
by  increasing  the  circulation  either  locally  or  generally  results  in  the 
disapjjearance  of  oedema. 


Summary. 

(1)  In  conditions  of  stasis  the  phenomena  observed  are  those  of  severe 
local  asphyxia. 

(2)  Under  such  circumstances  the  blood  becomes  concentrated  as 
regards  its  haemoglobin  percentage.  Tliis  concentration  results  from  a 
passage  of  water  from  the  blood  to  the  tissues.  Such  jjassage  of  water  is 
not  entirely  due  to  an  increase  of  venous  pressure,  as  it  may  occur  with  the 
circulation  entirely  cut  off. 

(3)  There  is  a  passage  of  chlorides  from  the  blood  to  the  tissues. 

(4)  The  bicarbonate  reserve  of  the  blood  is  lowered.  This  is  not  due 
to  a  lactic  acid  acidosis,  but  is  due  to  passage  of  bicarbonate  from  blood  to 
tissues.  This  has  been  confirmed  in  the  main  by  experiments  on  concentration 
and  dialysis  of  the  blood  in  vitro. 

*  This  conception  has,  in  adilition,  a  wider  pathological  significance,  for  it  may  lie  possible 
along  similar  lines  to  account  for  many  of  the  phenomena  of  inflammation  as  well  as  the 
consolidation  and  resolution  in  loliar  pneumonia. 

t  This  loss  occurred,  moreover,  m  the  absence  of  plethora  in  the  experiments  where  the 
arterial  supply  was  completely  cut  off.  Owing  to  and  parallel  with  the  loss  of  flukl  and  salts  from 
the  blood  there  must  have  been  a  diminution  of  intra-vascular  pressure.  'J'his  was  further 
emphasized  by  the  great  diflSculty  in  obtaining  blood  from  the  vein. 
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THE    INFLUENCE    OF    CIRCULATORY    DISTURBANCES    ON   THE 
GASEOUS   EXCHANGE   OF   THE   BLOOD. 

IV. — The  blood  gases  and  circulation  rate  in  cases  of  mitral 

.STENOSIS. 

By   JONATHAN    MEAKINS,    LUCIEN    DAUTREBANDE 
and  W.  J.  FETTER. 

(From  the  Department  of  Therapeutics,  Edinburgh  University.) 

Inlrodiiction. 

The  close  association  of  respiratory  symptoms,  either  subjective  or 
objective,  with  cartUo-vascular  lesions  has  been  the  subject  of  many 
investigations.  In  fact  respiratory  disturbances  such  as  cyanosis  and 
dyspnoea  have  been  considered  important,  if  not  almost  pathognomonic, 
symptoms  in  various  types  of  circulatory  disturbances.  Numerous  theories 
have  been  put  forward  to  explain  their  production,  but  it  seems  that  the 
problem  has  always  been  complicated  by  the  attempt  to  arrive  at  a  common 
factor  which  would  exjilain  the  occurrence  of  these  and  alUed  symptoms  in 
all  lesion.s  of  the  circulatory  system.  A  systematic  investigation  of  these 
problems  undertaken  in  this  Department  soon  made  it  apparent  that  it  was 
essential  that  different  types  of  circulatory  disturbance  should  be  investigated 
separately;  furthermore,  that  the  cases  first  investigated  should,  as  nearly  as 
possible,  be  suffering  from  a  single  and  well-defined  lesion  of  the  circulatory 
system.  It  very  soon  became  evident  that  any  attempt  to  determine  the 
functional  disturbances  in  cases  of  so-called  "  decompensated  cardiac 
le.sions  "  were  so  complicated  as  to  defeat  any  clear-cut  interi^retation  of 
their  production  and  of  the  underlying  physiological  processes  until  the 
individual  lesions  had  been  thoroughly  investigated.  It  was  found  that 
cases  showing  signs  of  gross  cardiac  failure  were  subject  to  so  many  dis- 
turbances of  function  in  different  organs  that  the  exact  consequences  of  any 
single  lesion  could  not  be  determined.  In  addition,  the  respiratory  distress 
in  such  cases  was  so  acute  that  many  important  observations  and  data  could 
not  be  obtained.  This  was  particularly  so  in  regard  to  the  alveolar  air  and 
the  carbon  dioxide  content  of  the  venous  blood  which  were  essential  in  tiie 
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explanation  of  certain  of  the  physiological  disturbances.  Animal  experiments 
were  found  to  be  unsatisfactory,  not  only  on  account  of  the  difficulty  of 
producing  lesions  similar  to  those  found  in  man,  but  also  on  account  of  the 
absence  of  co-operation  by  the  subject  investigated,  wliich  is  so  essential  in 
many  of  the  observations.  Therefore  it  has  been  necessary  to  carry  out  the 
investigations  on  human  subjects  with  definite  and  simple  cardio-vascular 
lesions.  It  has  been  found  impossible  as  yet  to  carry  out  exhaustive  studies 
on  cases  with  severe  cardiac  failure.  Indeed  this  has  been  considered 
undesirable.  The  more  important  period  in  the  progress  of  these  cases  is 
undoubtedly  before  signs  of  gross  cardio-vascular  failure  are  evident,  as  it  is 
during  this  earlier  period  that  the  progress  of  the  disease  may  be  influenced. 
This  may  be  accomplished  only  if  the  functional  disturbances  be  understood. 

The  present  communication  deals  with  stenosis  of  the  mitral  valve.  Five 
cases  have  been  more  or  less  completely  investigated.  More  cases  would  have 
been  desirable,  but  it  has  been  found  difficult  to  obtain  cases  combining  all 
the  factors  desired,  including  sufficient  intelUgence  and  co-operation  to  carry 
out  the  .simple  manipulations  oft-times  necessary,  and  absence  of  other 
gross  lesions.  The  subjects  were  comparatively  young  and  free  from  any 
other  gross  organic  lesion.  For  certain  reasons  some  observations  have  not 
been  possible  in  two  of  the  cases,  in  one  on  account  of  the  removal  of  the 
individual  from  observation,  and  in  the  other  on  account  of  physical  inability 
to  carry  out  the  necessary  pulmonary  manipulations,  due  to  respiratory 
distress  which  rendered  the  results  unreliable. 


Summary  of  cases. 

Case  I. — H.  Age  28.  Date  of  admission:  11/10/21.  Weight  47-4  kilog.  Height  157  cm.. 
As  a  child  patient  suffered  from  attacks  of  pain  and  swelling  in  various  joints,  and  on 
admission  had  pain  and  swelling  of  the  left  wrist.  In  October,  1918,  following  an  attack  of 
pneumonia,  she  developed  palpitation  and  dyspncea  on  exertion,  which  liecame  progressively 
worse,  eventually  completely  incapacitating  her  from  her  work,  which  was  that  of  a  domestic 
servant. 

On  examination  : — Some  clubbing  of  the  fingers  ;  slight  cyanosed  appearance  of  the  lips 
and  fingers.  Pulse  80  per  minute,  regular  in  rhythm  and  force — small  volume.  The  veins  of 
the  neck  did  not  show  any  obvious  engorgement.  No  ojdema.  Apex  beat  faintly  visiljle  within 
the  nipple  line — palpable  in  the  5th  intercostal  space  and  was  associated  with  a  definite  presystolic 
thrill.  Transverse  cardiac  dulness — 3  cm.  to  right  and  8|  cm.  to  left  of  mid  sternal  line.  On 
auscultation  :  First  soimd  at  the  apex  was  loud  and  preceded  by  a  short  rough  presystolic  murmur. 
Second  sound  reduplicated  and  followed  by  a  faint  diastolic  murmur  wliich  occupied  the  greater 
part  of  diastole  and  running  into  the  presystolic  murmur.  Second  sound  at  the  base  accentuated 
and  reduplicated  particularly  in  the  pulmonary  area.  Liver  and  spleen  not  palpable.  On 
slight  e.xertion  in  bed  pronounced  dyspncea  and  tachycardia  were  produced. 

30/12/21  : — A  febrile  attack  occurred  associated  with  pains  and  swelling  of  the  joints,  which 
responded  to  salicylates.     Urine  was  normal.     Leucocyte  count  8,000. 

Diagnosis  :  Mitral  stenosis. 

Case  II. — B.     Age  2G.     Date  of  admission  :  25/4/22.     Weight  44-2  kilog..     Height   153  cm.. 

At  the  age  of  12  patient  had  growing  pains,  but  was  otherwise  free  from  symptoms  till  the 
age  of  10,  when  she  began  to  have  attacks  of  precordial  pain  and  palpitation  with  breathlessness 
on  exertion.  During  the  past  ten  years  she  has  been  in  hosjiital  many  times  on  account  of  severe 
dyspncea,  palpitation  and  occasional  slight  oedema  of  the  ankles.  .\lso  on  several  occasions 
she  has  suffered  from  acute  cough  with  frothy  blood- tinged  sputum. 
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On  examination  :  Pulse  74,  regular  in  rliythm  and  force,  small  volumo,  no  obvious  engorge- 
ment of  the  veins.  Apex  beat  visible  in  5th  interspace  ii\side  the  left  nipple  lino.  There  was  a 
distinct  presystolic  thrill.  On  auscultation  :  rough  presystolic  murmur  heard  preceding  a  loud 
first  soiuid  at  tho  mitral  area.  Second  sound  is  followed  by  a  very  faint  diastoUie  murmur. 
Second  sound  at  the  puhnonarj'  area  much  accentuated.     Liver  and  spleen  not  palpable. 

Diagnosis  :  Mitral  stenosis. 

Cttse  HI.— M.     Age  32.     Date  of  admission:   19/.5/22.      Weight  49-4  kilog..      Height  IGO  cui.. 

At  the  age  of  14  patient  had  acute  rheumatic  fever,  following  which  she  vraa  in  bed  for  six 
months,  and  since  then  she  has  been  sxibject  to  acute  attacks  of  vomiting,  unrelated  to  food. 
These  attacks  gratlually  became  more  frequent  and  were  associated  with  palpitation.  Four 
months  before  admission  an  attack  of  vomiting  occurred  similar  to  previous  ones,  but  associated 
with  very  pronounced  palpitation  and  dyspnoja.  The  vomiting  continued  at  frequent  intervals, 
the  palpitation  and  dyspnoea  becoming  constant  and  progressively  worse,  and  slight  oedema  of 
the  lower  extremities  developed. 

On  examination:  Pronomiced  cyanosis  with  icteroid  tinge  to  the  conjtmctivse.  Severe 
orthopncea  with  pronounced  pulsation  in  the  veins  of  the  neck.  Pulse  very  feeble — 160,  irregular 
both  in  force  and  rhythm.  Apex  beat  in  (Uh  interspace  101  cm.  from  mid  sternal  line.  No 
thrill  palpable.  On  auscultation  :  It  was  difficult  to  determine  the  exact  character  of  the  heart 
sounds  on  account  of  the  great  rapidity  and  irregularity  of  the  heart. 

Diagnosis  :  Auricular  fibrillation. 
Mitral  stenosis. 

On  digitalis  the  patient's  puke  was  rapidly  reduced  to  between  70  and  80,  and  all  the  imtoward 
symptoms  disappeared.  No  engorgement  of  the  veins  of  the  neck.  Liver  and  spleen  not 
palpable.  At  this  time  the  first  soimd  was  very  much  accentuated,  while  the  second  sound  was 
followed  by  a  definite  diastolic  murmur  just  inside  the  apical  area.  After  treatment  by  quinidine 
the  cardiac  rhythm  returned  to  normal. 

On  examination  at  this  time  a  pronounced  presystolic  thrill  was  evident  and  also  a  rough 
presystolic  murmur  with  a  relatively  faint  diastolic  murmur  heard  best  jiist  within  the  apex  area. 

Diagnosis  :  Mitral   stenosis. 

On  discharge  patient  was  quite  free  of  all  symptoms  and  experienced  little  or  no  dyspnoea 
on  exertion.  After  a  week's  residence  at  home  she  had  another  attack  of  vomiting  and  palpitation 
and  pronounced  dyspnoea,  which  necessitated  her  return  to  the  Infirmary,  when  the  condition 
was  foimd  to  be  similar  to  that  on  first  admission  after  digitalis  had  been  given  except  that  the 
pulse  was  more  rapid.     After  another  course  of  quinidine  the  normal  rhythm  returned. 

Diagnosis  :  Mitral  stenosis. 

Ca.se  IV.     Mc.     Age  30.     Data  of  admission:   1/5/22.     Weight  47-3   kilog..     Height   159  cm.. 

In  1910  patient  had  acute  rheumatic  fever,  after  which  she  was  quite  well  untU  1919,  when 
she  had  acute  plastic  pleurisy.  In  1921  she  had  influenza,  and  since  this  time  she  has  been  very 
easily  tired  and  exhausted.  On  24/4  22  she  was  suddenly  seized  with  an  attack  of  vomiting  and 
acute  on.set  of  pains  in  the  joints.  On  27/4/22  she  began  to  complain  of  pain  in  the  chest  with 
dry  cough,  but  no  sputum.     The  next  day  the  sputum  became  copious  and  was  "  pink-coloured." 

On  admission  to  the  infirmary  there  were  signs  of  broncho-pneinnonia  and  mitral  stenosis. 
There  was  a  considerable  degree  of  cyanosis  of  the  lips,  ears  and  extremities.  No  oedema. 
Oxygen  was  administered  at  the  rate  of  1  litre  per  minute  by  the  Haldane  apparatus  with 
disappearance  of  the  cyanosis  and  great  improvement  in  the  patient's  condition.  She  was 
discharged  feeling  very  well  except  for  some  dyspnoea  on  exertion. 

Diagnosis  :   Mitral  stenosis. 

Broncho-pneumonia. 
19/7/22.     Patient    readmitted    to    the    Infirmary    suffering    from    extreme    breath lessness, 
swelling  of  the  ankles  and  acute  pams  in  the  joints.     On  examination  :  Pulse  was  100,  regular 
in  time  and  force.     Slight  cyanotic  appearance  of  the  lips,  ears  and  finger-tips,  the  latter  showing 
distinct  clubbing. 

Apex  diffusely  visible,  and  there  was  pronounced  pulsation  m  the  veins  of  the  neck  and  over 
the  liver.  The  point  of  maximum  pulsation  of  apex  was  in  the  5th  intercostal  space  lOJ  cm.  to 
left  of  mid  sternal  line,  accompanied  by  a  presystolic  thrill.  Auscultation — first  sound  at  the 
apex  sharp  and  loud  and  precedetl  b\-  a  short,  harsh  presystolic  murmur.  A  short  distance 
within  the  apex  area  a  soft  diastolic  murmur  was  heard.  In  the  tricuspid  area  a  blowing  systolic 
murmur  was  audible  which  was  propagated  dowmwards  and  to  the  right.  Second  pulmonic 
soimd  accentuated  and  reduplicated.  Liver  palpable  and  pulsating.  Tho  urine  contamed  a 
small  amoiuit  of  albumen  and  bile.     Lungs  were  clear. 
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On  rest  in  bed  patient  soon  improved,  but  the  outstanding  features  of  dyspnoea,  weakness 
and  tachycardia  on  exertion  still  remained  in  a  comparative  degree,  no  pulsation  of  the  veins 
of  the  neck  and  liver  and  spleen  not  palpable. 

Diagnosis  :  Mitral  stenosis  with  cardiac  failure. 

Case  V. — S.     Age  45.     Date  of  admission  :  21/12/21.     Weight  48  kilog..     Height  152-4  cm.. 

At  the  age  of  27  patient  had  acute  rheumatic  fever.  After  this  she  was  never  in  perfectly 
good  health,  while  since  the  age  of  36  she  has  been  definitely  incapacitated  with  cardiac  symptoms. 
These  at  first  were  manifested  by  precordial  pain  and  dyspnoea  on  exertion.  They  gratlually 
became  worse  until  a  few  weeks  before  admission  the  breathlessness  was  extreme  and  cedema 
of  the  legs  rapidly  developed.  She  liad  orthopncea  and  inability  to  walk  more  than  a  few  steps 
at  a  time. 

On  admission  :  Pulse  regular,  80  per  minnte.  Apex  beat  5th  intercostal  space  9  cm.  to  left 
of  midstemal  line.  At  the  mitral  area  the  first  sound  was  loud  and  preceded  liy  a  short  murmur. 
A  few  cm.  within  this  area  a  distinct  though  faint  diastolic  murmur  was  heard.  Over  both  tlie 
mitral  and  the  tricuspid  areas  there  was  a  harsh  systolic  nun-mur.  Veins  of  the  neck  showed  very 
pronounced  pulsation.  Abdomen  was  distended  with  ascites  and  the  liver  was  palpable  and 
pulsating.  Lungs  showed  a  large  number  of  crepitations  both  anteriorly  and  posteriorly  at  the 
end  of  inspiration.  Electrocardiograph  .showed  a  regular  rhythm.  There  was  pronounced  cyanosis 
of  the  lips,  ears  and  extremities. 

On  rest  in  bed  patient  rapidly  improved  and  was  discharged  in  five  weeks'  time,  only  to  l)e 
reatlmitted  in  a  fortnight  .suffering  from  the  same  symptoms,  from  which  she  made  a  good 
recovery.     Discharged  in  five  weeks'  time. 

19/6/22.  Patient  re-admitted,  the  condition  being  identical  to  that  on  the  previous  admis- 
sions. Shortly  after  coming  under  observation,  however,  it  was  noted  that  the  pulse  was  distinctlj- 
irregular,  althougli  it  hail  not  been  so  on  admission  when  the  electrocardiograph  showed  normal 
rliythm.  Ai  this  time  patient's  ])ulse  was  very  rapid  and  irregular — 140,  and  was  counted  with 
great  ditlicvilty  at  the  radial  artery. 

Her  condition  slowly  improved,  and  at  the  time  of  the  present  observations  she  was  free  of 
cedema,  cyanosis,  and  although  she  can  lie  flat  in  bed  she  prefers  the  sitting  position,  auricular 
fibrillation  persisting. 

Diagnosis  :    Mitral  stenosis. 

.■\uricular  fibrillation. 

Methods. 

The  alveolar  air  was  determined  by  the  Haldane-Priestley"  technique. 
Various  other  methods  were  tried  but  with  indifferent  results.  It  was  not 
possible  at  first  to  obtain  satisfactory  results  in  Case  5  on  account  of  the 
patient's  inability  to  expire  forcibly.  At  the  time,  this  case  suffered  from 
very  acute  respiratory  distress  and  orthopnoea  and  inability  to  hold  her 
breath  for  more  than  a  few  seconds,  but  as  her  condition  improved,  and  with 
persistent  training,  she  was  eventually  able  to  deliver  very  consistent  samples 
of  alveolar  air. 

The  exjiired  air  and  respiratory  exchange  were  estimated  by  the  Douglas 
bag  method.  They  were  not  usually  determined  under  "  basal  conditions  "* 
as  it  was  considered  advisable  to  make  as  many  of  the  blood  and  respiratory 
observations  as  possible  under  similar  conditions — at  rest  in  bed  or  in  a  chair, 
without  previous  exercise  or  a  heavy  meal.  This  neglect  of  basal  conditions 
was  necessary  because  as  many  ob.servations  as  possible  were  made  in  rapid 
succession,  everj'  jirecaution  being  taken  to  prevent  excitement  or  undue 
alarm.  Frequently  a  patient  was  taking  part  in  repeated  observations  over 
the  greater  part  of  the  day,  although  at  no  time  did  fatigue  or  discomfort 


■  After  twelve  hours  of  fasting  and  absolute  rest  in  bed. 
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occur.  Man}'  trial  tests  wore  introduced  as  a  preliminar}'  to  render  the 
subject  familiar  with  the  procedure  and  to  avoid  emotional  disturbances 
during  the  real  tests.  The  results  of  repeated  experiments  under  similar 
conditions  gave  remarkably  concordant  results. 

The  carbon  dioxide  and  oxyharaoglobin  dissociation  curves  were 
constructed  with  every  regard  to  known  sources  of  error.  The  blood  was 
drawn  from  the  vein  with  as  little  stasis  as  possible  into  a  50  cc.  syringe 
containing  a  small  amount  of  neutral  potassium  oxalate.  It  was  immediately 
transferred  to  a  large  test-tube  packed  in  ice,  and  sodium  fluoride  added 
in  sufficient  quantity  to  make  a  01  per  cent,  solution.  As  far  as  possible 
the  means  advocated  by  Lovat  Evans*  to  prevent  glj^colj-sis  and  acid 
formation  were  observed.  The  blood  was  used  as  rapidty  as  possible,  and  one 
portion  was  not  u,sed  for  more  than  one  observation.  Seven  cc.  of  blood 
were  placed  in  a  saturator  (400  500  cc.  capacity)  and  sufficient  oxygen  or 
carbon  dioxide  added  to  make  the  appropriate  partial  pressures  of  gases. 
The  saturator  was  slowly  rotated  in  a  large  water  bath  accurately  main 
tained  at  37'^C.  by  electrical  means.  After  five  minutes  the  excess  pressure 
was  released  and  the  rotation  continued  for  another  ten  minutes  when 
samples  of  blood  were  removed  into  accurately  cahbrated  pipettes,  every 
precaution  being  taken  to  prevent  contamination  with  air.  The  percentages 
of  gases  in  the  saturator  were  analysed  in  a  Haldane  gas  analysis  apparatus. 
The  carbon  dioxide  content  and  the  oxygen  saturation  of  the  blood  were 
estimated  with  the  Haldane  blood  gas  apparatus^^  and,  when  considered 
necessar}^  dupUcate  observations  were  made.  If  the  results  did  not  agree 
closely  they  were  discarded.  This  was  very  seldom  the  case,  and  was  always 
due  to  some  unavoidable  but  apparent  error  of  technique. 

The  arterial  blood  was  obtained  according  to  the  usual  technique  by 
puncture  of  the  radial  artery,  the  syringe  containing  neutral  potassium 
oxalate  and  hquid  paraffin  to  prevent  clotting  and  contamination  with  air. 
In  cases  of  mitral  stenosis,  where  the  pulse  is  small  and  jjarticularly  when 
irregular  due  to  auricular  fibrillation,  this  is  cUfficult.  Persistence  and  care 
of  minor  details  made  it  possible  in  all  the  cases  attempted.  Case  1  had 
disappeared  from  observation  before  the  necessity  of  examining  the  arterial 
blood  was  appreciated. 

The  circulation  rate  was  determined  by  the  method  of  Meakins  and 
Davies^^.  The  results  under  similar  conditions  agreed  very  closely.  As  will 
be  pointed  out  subsequent^,  the  values  of  the  carbon  dioxide  content  of 
the  mixed  arterial  and  venous  bloods,  whether  plotted  from  the  carbon  dioxide 
dissociation  curve  of  Haldane^  or  of  the  particular  patient  in  question,  made 
very  Httle  difference  in  the  results.  Any  criticism  of  this  method  would 
indicate  that  the  results  for  circulation  rate  obtained  in  such  cases  as  are 
at  present  under  consideration,  were  too  high.  Under  such  circumstances  it 
would  be  reasonable  to  grant  that  the  results  obtained  are  not  as  consijicu- 
ously  low  as  might  be  obtained  by  other  methods.  A  full  discussion  of  the 
determination  of  the  circulation  rate  as  estimated  by  the  comparison  of  the 
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arterial  and  venous  carbon  dioxide  content  and  the  effect  of  partially  reduced 
blood  upon  the  carbon  dioxide  content  has  been  given  by  Haldanc  and 
Douglas^. 

Gaseous  content  of  venous  blood. 

The  gaseous  content  of  the  venous  blood  from  the  arm  was  found  to 
be  very  variable  and  dependent  on  so  many  factors  of  external  environment 
that  concordant  results  could  not  be  obtained.  Such  observations,  however, 
as  were  made  under  ordinary  conditions  substantiated  the  results  of 
Lundsgaard^^.  We  have  shown  in  previous  experiments'^  that  the  tem- 
perature environment  of  the  part  from  which  the  venous  blood  is  drawn 
profoundly  influences  its  gaseous  content.  In  order  to  overcome  such 
influences  we  placed  the  arm  from  which  the  venous  blood  was  drawn  in  as 
nearly  constant  surroundings  as  possible.  The  hand  and  fore-arm  to  the  elbow 
were  placed  in  a  water-bath  at  45°  to  47 °C.  and  retained  there  for  30  to 
40  minutes.  Slight  jjressure  by  the  finger  was  then  exerted  over  the  median 
basihc  or  median  cephalic  vein  if  necessary,  and  a  needle,  attached  to  a 
syringe  prepared  as  for  arterial  puncture,  was  introduced,  and  such  verj' 
small  quantity  of  blood  was  mthdrawn  as  to  indicate  that  the  needle  was  in 
the  vein.  This  having  been  ascertained,  the  pressiire  was  removed  and  a  few 
minutes  allowed  to  elapse,  the  arm  remaining  in  the  hot  water,  before  the 
syringe  full  of  blood  was  removed.  In  this  manner  it  was  hoped  to  obtain 
venous  blood  free  of  the  effects  of  stasis.  We  have  previously  demonstrated"^ 
that,  by  immersing  the  arm  in  a  water-bath  at  45°C,  the  venous  })lood  of  a 
normal  person  closely  approxinates  the  arterial  blood  in  its  gaseous  content, 
this  being  apparently  brought  about  by  the  great  increase  in  the  rapidity 
of  the  blood- flow  through  the  part.  In  view  of  this  observation  on  normal 
people  it  was  obviously  important  to  consider  whether  similar  results  would 
occur  in  cases  of  mitral  stenosis.    In  Table  I  these  results  are  shown. 

T.\BLE  I. 

Gaseous  content  of  venous  blood  at  constant  temperature. 


Case. 

Temperature. 

Oxygen 
saturation 
percentage. 

Carbon  dioxide 

content 

volumes 

percentage. 

2 

45  °C. 

94 

48 

3 

47 

97 

50 

4 

40 

94 

44 

'"' 

4r> 

94 

47 
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It  will  be  seen  that  these  findings  in  the  venous  blood  inuler  siieh  special 
circumstances  very  closely  approximate  to  those  of  the  arterial  l)lood 
(Tabic  11).  In  fact  the  correspondence  is  so  close  that  in  one  instance 
the  venous  oxygen  saturation  is  higher  than  the  arterial  and  the  carbon 
dioxide  content  is  identical.  Tliis  anomalous  residt  may  be  explained  bj- 
the  fact  thiit  the  specimens  of  blood  were  withdrawn  on  different  days,  and 
tlie  error  of  estimation  may  be  considered  as  -0-5  per  cent. 

The  difference  between  the  gaseous  content  of  the  venous  blood  before 
and  after  immersion  in  hot  water  was  very  conspicuous.  But  in  view  of  the 
observed  variations  in  normal  people  under  similar  temperature  variations 
it  was  not  considered  that  the  sliglitlj^  increased  differences  in  cases  of  mitral 
stenosis  gave  anj'  definite  indication  as  to  the  circulation  as  a  wliole.  altliough 
it  might  suggest  the  possibiUty  of  a  general  circulator}'  slowing. 


Gaseous  content  of  the  iirterial  blood. 

In  four  cases  the  gases  of  the  arterial  blood  were  determined.  In  all  of 
them  the  oxygen  saturation  closely  aiDproximated  to  the  normal.  In  three 
of  the  cases  the  cardiac  rhythm  was  regular  at  the  time  of  examination, 
while  in  Case  5  auricular  fibrillation  was  present  vdih  a  cardiac  rate  of  1.30. 
In  none  of  them  were  there  any  signs  of  pulmonary  oedema  or  other  lesions 
which  would  interfere  with  the  proper  aeration  of  the  venous  blood  while 
passing  through  the  pulmonary  circulation.*  Tliis  is  in  conformity  with 
the  results  obtained  by  one  of  us^'  in  cases  of  auricular  fibrillation  under 
similar  conditions  and  in  regular  and  irregular  tachycardia  in  animals  with 
adequate  pulmonary  ventilation. 

TABLE  II. 

Cases  in  the  arterial  blvoil. 


Oxygou 
satuiation 
per  cent. 


Hb  [ler  cent. 


Carbon  dioxide 

content  voliune 

per  cent. 


2 

15/9/22 

980 

S30 

4L-0 

3 

4/9/22 

940 

8;{o 

000 

4 

5/9/22 

980 

1000 

42-2 

5 

0/9/22 

9()0 
90-5 

700 
85-5 

40O 

Average  . . 

45  0 

*  In  none  of  the  cases,  with  the  exception  of  Case  5,  were  there  any  signs  of  cardiac  faihire 
at  the  time  when  the  recorded  observations  were  made. 
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Although  all  of  these  cases  exhibited  a  more  or  less  pronounced  degree  of 
peripheral  cyanosis,  there  was  no  abnormal  oxj'gen  desaturation  of  the 
arterial  blood.  This  was  the  case  in  spite  of  the  fact  that  there  was  very 
pronounced  respiratory  distress  in  all  of  them  on  slight  exertion  and  in  two 
{Case  4,  and  particularly  Case  5)  at  rest.  Jt  was,  therefore,  considered 
established  that  the  symjitoms  experienced  in  such  uncomplicated  cases  of 
mitral  stenosis  were  not  due  to  a  deficiency  in  the  oxygen  saturation  of  the 
arterial  blood  or,  in  other  words,  to  a  true  arterial  anoxaemia. 

The  carbon  dioxide  content  of  the  arterial  blood  was  distinctly  below 
what  we  had  found  in  many  normal  cases.    But  it  was  found  not  to  be  equally 


COj  partial  pressure  in  mm.  Hg 


1.     The  iiuljon  dioxide  content  of  the  arterial  blood,  plotted  according  to  carbon  dioxide 
partial  pressure  of  the  alveolar  air  0  =  t'"«e  2.      +  =  Case  3.      *=Casei,     9  =  Case  5. 


lowered  in  all  cases.  In  the  cases  with  the  lower  carbon  dioxide  content 
there  was  a  higher  oxygen  saturation.  It  might  be  suggested  that  this 
condition  had  resulted  from  contamination  with  air  at  the  time  of 
withdrawal  of  the  blood  from  the  artery.  However,  there  was  at  no  time  any 
indication  that  tliis  had  taken  place.  Another  obvious  explanation  was  that 
there  was  a  considerable  increase  above  normal  of  pulmonary  ventilation 
in  order  to  reduce  the  carbon  dioxide  of  the  arterial  blood  for  physiological 
compensatory  reasons.  This  point  will  be  considered  subsequently.  In 
addition,  such  a  diminution  in  the  carbon  content  of  the  arterial  blood  might 
indicate  a  lowering  of  the  bicarbonate  reserve.  But  on  further  investigation, 
this  problem  threw  an  important  and  new  light  upon  the  physiological 
processes  present  in  these  cases.  In  order  logically  to  interpret  these  results 
it  was  necessary  to  check  the  findings  of  the  arterial  carbon  dioxide  content. 
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the  carbon  dioxide  partial  pressure  in  the  alveolar  air,  and  the  carbon  dioxide 
dissociation  curves.  It  was  found  that  by  plotting  the  carbon  dioxide 
content  of  the  arterial  blood  with  the  partial  pressure  of  the  mixed  alveolar 
air  at  the  time  of  observation  that  they  practically  coincided  with  what 
would  be  expected  (Fig.  1),  if  the  carbon  dioxide  dissociation  curve  of  the 
arterial  blood  closely  approximated  that  of  Haldane'.  This,  however, 
woidd  not  indicate  a  lowering  of  the  bicarbonate  reserve  but  a  reduction  of 
the  carbon  dioxide  content  of  the  arterial  blood  with  a  normal  bicarbonate 
reserve  ;  in  other  words,  a  gaseous  alkalosis  in  the  arterial  blood.  If  this 
were  the  case  normal  carbon  dioxide  dissociation  curves  would  have  been 
expected.  The  findings  as  determined  from  the  ordinai-y  samples  of  blood 
from  the  veins  of  the  arm  at  first  cast  doubt  on  this  presumption. 

Carbon  dioxide  dissociation  cuncs. 

Numerous  points  for  the  carbon  dioxide  dissociation  curves  of  these 
patients  were  determined.  It  soon  became  apparent  that  although  a  number 
of  estimations  determined  from  one  sample  of  blood  gave  very  consistent 
results,  these  were  not  comparable  with  the  results  obtained  on  another 
day.  In  Fig.  2  typical  dissociation  curves  as  obtained  from  single  samples 
of  blood  are  shown.  In  Fig.  3  the  diversity  of  the  findings  on  different 
samples  of  blood  is  demonstrated.  Furthermore,  when  the  carbon  dioxide 
content  of  the  arterial  blood  was  plotted  on  the  carbon  dioxide  dissociation 
curves  obtained  from  ordinary  venous  blood  with  very  slight  stasis,  they 
would  incUcate  a  carbon  dioxide  pressure  of  the  mixed  alveolar  air  very  much 
higher  than  that  found  at  any  time  in  these  cases.  This  would  be  greatly  at 
variance  mth  the  observed  findings  of  the  arterial  carbon  dioxide  content 
and  the  mixed  alveolar  carbon  dioxide  pressures.  A  comparison  of 
observed  and  calculated  alveolar  carbon  dioxide  partial  pressures  are  given 
in  Table  III. 

TABLE  III. 

Cumpcirisun  uj  calculated  mid  observed  alveolar  CO,  jxirtial  pressures. 


Case. 

Calculated  partial 
pressxire  of 
CO.,  in  the 
alveolar  ail- 
ill  mm.  Hg. 

Observed  partial 
pressure  of 
CO.  in  the 
alveolar  air 
ill  mm.  Hg. 

Difl'ereiue 
between 

calculated 
and  observed 
in  mm.  Hg. 

2 
3 

4 

30 
47 
.•i8 

27 
38 
30 

—  3 

—  9 

—  S 
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It  was  considered  i^robable  that  these  variations  might  possibly  be  due  to 
inherent  differences  in  the  venous  blood  consequent  upon  variations  in  the 
local  circulation.  In  the  preceding  paper  of  this  series  we  have  shown  the 
great  influence  wliich  even  temporary  circulatory  stasis  may  have  upon  the 
carbon  dioxide  combining  power  of  venous  blood.  It  became  apparent, 
therefore,  that  the  venous  blood  if  used  for  carbon  dioxide  dissociation 
curves  should  as  closely  approximate  to  arterial  as  possible.  The  ideal  to  be 
attained  to  of  course  would  be  to  employ  arterial  blood  in  all  such  obser- 
vations. But  the  difficulties  of  obtaining  frequent  samples  of  arterial  Wood 
from  such  cases  made  this  impracticable. 

In  view  of  our  previous  findings  that  the  venous  blood  withdrawn  from 
the  vein  of  the  arm  after  the  latter  had  been  immersed  in  hot  water,  closely 
approximated  to  the  characters  of  arterial  blood,  we  determined  to  use  such 
blood  for  carbon  dioxide  dissociation  curves.  A  series  of  observations  was 
carried  out  A\ith  this  object  in  view.  All  determinations  were  made  in 
duplicate.  Comparative  findings  in  a  set  of  such  experiments  are  given  in 
Table  IV.  The  blood  was  drawn  into  a  syringe  containing  a  small  amount 
of  neutral  potassium  oxalate  and  immediately  transferred  to  a  saturator 
containing  a  partial  pressure  of  carbon  dioxide  of  40  mm.  Hg  and  over 
150  mm.  Hg  partial  pressure  of  oxygen  in  order  to  fully  saturate  the  oxy- 
hsemoglobin.  It  was  but  a  matter  of  a  few  seconds  between  the  withdrawal 
of  the  blood  from  the  vien  and  the  immersion  of  the  saturator  in  the  water 
bath. 


A  comparison  bcttveen  the  carboH  dioxide  combining  power  of  ordinary  venous  blood  and  venous 
blood  after  the  arm  has  been  immersed  in  hot  imlcr. 


CO..  content  of  ordinary  venous  blood 

after  equilibration   with  a  partial 

pressure  of  40  mm.  Hg.CO^* 


47-5 
47-5 


CO2  content  of  venous  blood  after  arm 

was  immersed  in  water  bath  at  45*C. 

and  after  equilibration  with  a  partial 

pressure  of  40  mm.  Hg.COj* 


48-5 
48-2 


49-5  1 
50-3  / 


51-23"| 
5006/ 


51-4(J1 

r>0-47  I 


I  ^  48-35 
—  49-93 


*  The  blood  %\as  fully  oxygenated. 


CIRCULATION    RATE. 


163 


The  probable  causes  of  differences  observed  under  ^5uch  a  modification  of 
environment  have  already  been  discussed  in  a  previous  paper-*.  It  appeared 
to  be  quite  clear  that  tliey  were  due  to  the  passage  of  bicarbonate  from  the 
blood  to  the  tissues. 

In  view  of  these  findings,  and  those  of  the  pre\nous  paper  already  referred 
to,  it  was  considered  essential  that  the  carbon  dioxide  combining  power  of 
the  venous  blood,  made  as  nearly  arterial  as  possible  by  the  application  of 
heat,  should  be  fully  determined.  This  was  done,  and  the  results  will  be  found 
as  dotted  lines  in  Fig.  2.     It  will  be  noted  how  closely  they  approximate 
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CO,  pressure  millimetres  of  mercm-y. 

Fig.  2.  Carbon  dioxide  dissociation  curves.  Curves  1,  2,  3,  4  and  5  are  those  witli  ordinary 
venous  blood  in  t'oses  1,  2,  3,  4  and  5.  Curves  2',  3'  4'  and  5'  are  those  with  venous  blood 
obtained  from  arm  in  hot  water  in  Cases  2,  3,  4  and  -5.    Upper  curve  normal. 


to  the  normal  curve  as  represented  by  the  carbon  dioxide  curve  of  Haldane, 
wliich  is  practicallj'  identical  with  the  curves  of  three  of  us  ])ubUshed  else- 
where^' ®.  It  was  considered,  therefore,  that  for  all  practical  purposes  the 
carbon  dioxide  curves  of  the  arterial  blood  of  these  five  patients  with  mitral 
stenosis  might  be  considered  as  well  within  the  normal  limits.  Therefore 
the  depreciation  of  the  carbon  dioxide  content  of  the  arterial  blood  could 
not  be  considered  as  due  to  a  lowering  of  the  bicarbonate  reserve  but  rather 
as  a  compensatory  phenomenon. 

The    anomalous    condition    arising    from    using    the    carbon    dioxide 
dissociation  curves  obtained  with  ordinarv  venous  blood  in  these  cases  is 
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when    the    jiH    of    the    venous    and    arterial 


(1    were 


liirthei    evident 
determined. 

It  has  been  shown  by  Fraser,  Ross  and  Dreyer^"  that  the  reaction  of  tlie 
arterial  blood,  in  cases  of  cardiac  dyspnoea,  tends  to  be  more  alkaline  than 
in  normal  subjects.  This  was  particularly  evident  in  cases  with  signs  of 
cardiac  failure.  They  employed  the  method  described  by  Dale  and  Evans^ 
for  the  calorimetric  determination  of  the  reaction  of  the  blood  by  dialy.sis. 
We  have  employed  the  formulae  of  Hasselbach,i^  obtained  by  comparing  the 
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Fig.  3.     Points  on  the  COj  dissociation  curves  with  different  samples  of  orduiarv  venous  blood 
@=Qa^e\.     C  =  Casei.      x  =  Ca.scZ.     +  =  Ca-se  4.     9  =  Case  5. 


ratio  of  combined  to  free  carbon  dioxide.  As  has  been  pointed  out  by  Van 
Slyke,^^  this  method  gives  a  very  accurate  and  consistent  estimation  of  the 
pH  of  the  blood.  The  actual  findings  are  not  comparable  with  the  method 
of  Dale  and  Evans,  but  are  proportionately  so.  Van  81yke  found  the  normal 
pH  of  arterial  blood  as  determined  by  the  method  of  Hasselbach  to  average 
7-33.  In  Table  V  will  be  found  the  results  obtained  by  this  method  in  the 
cases  here  reported.  It  will  be  noted  that  the  pH  of  the  arterial  blood  as 
determined  by  the  carbon  dioxide  dissociation  curve  of  arterial  blood  incUnes 
to  an  excessive  alkalinity  (column  3).  If,  however,  the  pH  of  the  arterial 
blood  be  estimated  by  using  the  carbon  dioxide  dissociation  curve  of  ordinary 
venous  blood  it  is  found  to  tend  more  towards  an  acid  reaction  (column  1). 
In  order  to  determine  the  actual  pH  of  the  venous  blood  in  these  cases,  it  is 


CI  RC  r  LA  T  lOX     KATE. 


165 


necessary  to  use  this  venous  dissociation  curve,  wliich  indicates  tluit  there 
is  a  definite  difference  in  the  pH  between  the  arterial  and  venous  blood 
(columns  2,  3  and  5).  This  variation  is  more  than  would  be  expected  under 
normal  conditions.  It  is  evident,  therefore,  that  the  general  arterial  blood 
has  a  normal  or  slightly  alkaline  pH,  while  the  pH  of  the  venous  blood 
draining  the  peripheral  areas  tends  to  have  a  relatively  lower  or  more  acid  pH. 
The  explanation  of  this  condition  has  been  referred  to  in  a  previous  paper*. 
It  is  interesting  to  note  that  there  is  a  consistent  relationship  between  the 
increase  of  the  pH  in  the  arterial  blood  and  the  relative  decrease  in  the 
venous  blood  (Table  V)  and  the  decrease  in  the  general  circulation  rate 
(Table  X). 


T.\BLE  V. 
;■//  detviiidiialions  by  ratio  of  coiiibiiicd  to  frvc  CO,. 


1 

2 

3 

4 

5 

Subject. 

.Viteiial 

calculated, 
using  venous 

blood 
dissociation 

Vouous 

pH 

calculated, 

using  venous 

CO, 

dissociation 

Arterial 

pH 

calculated. 

using  arterial 

COj 
dissociation 

Dift'ereuce 
between 
1  and  3. 

Difference 
lietween 
3  and  2. 

curve 

curve. 

curve. 

1 

7-38 

7-32 

— 

— 

— 

2 

7-41 

7-35 

7-44 

+  0-03 

4-  009 

3 

7-32 

7-27 

7-35 

+   003 

+  0-08 

4 

7-32 

7-27 

7-40 

+   0-08 

+  0-13 

■■ 

7-44 

- 

7-47 

4-   0  03 

- 

Oxy-hd'moglobin  dissociation  curves. 

The  oxygen  saturation  of  the  arterial  blood  in  these  cases  of  mitral 
stenosis  was  within  the  normal  hmits  of  saturation.  This  might  have 
occurred  despite  a  simultaneous  more  or  less  pronounced  lowering  of  the 
oxy-hccmoglobin  curve.  A  number  of  estimations  of  the  oxygen  saturation 
under  known  oxygen  and  carbon  dioxide  pressures  were  made  on  the  same 
sample  of  blood  drawn  from  the  vein  and  jDreserved  with  the  jirecautions  as 
stated  above.  If  all  the  separate  observations  in  each  case  did  not  agree 
closely,  the  whole  procedure  was  repeated.  This  was  only  necessary  in  one 
case  and  then  was  found  to  be  due  to  an  obvious  error  in  technique. 

The  oxy-haemoglobin  curves  are  plotted  in  Fig.  4  according  to  the  carbon 
dioxide  pressure  of  the  alveolar  air  present  in  each  case  at  the  time  of  observ- 
vation.  It  will  be  seen  by  comparison  with  the  normal  hmits  of  oxy- 
haemoglobin  curves  that  the  curves  in  these  cases  are  in  the    upper  limits 
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of  normality  at  their  own  alveolar  air  carbon  dioxide  partial  jiressures.  At 
40  mm.  of  carbon  dioxide  pressure  they  would  occupy  an  average  position  in 
comparison  with  normal  curves.  We  could  find  no  evidence  to  indicate 
that  there  was  any  change  in  the  oxy-haemoglobin  curves  or  in  the  oxygen 
tension  of  the  arterial  blood  that  would  account  for  the  symptoms  of  these 
patients. 

Alveolar  air. 

Some  difficulty  was  encountered  at  first  in  each  case  in  obtaining 
consistent  samples  of  alveolar  air.  This  difficulty  was  due  either  to  confusion 
in  manipulation  or  to  the  difficulty  the  patient  liad  in  expiring  deei)ly 
(sometimes  both  factors  were  operative).  With  patience  and  repeated 
attempts  the  necessary  skill  was  acquired  so  that  consistent  readings  were 
obtained  in  a  large  series  of  observations.  The  averages  of  these  are  found 
in  Table  VI. 


T.VBLE  VI. 

Averaye  alveolar  air  detcrminalions. 


CO..   in  mm.  Hg. 

Oxvgen  in  mm.  Hg. 

Case. 

average. 

average. 

K.Q.  average. 

1 

32  0 

— 

— 

2 

270 

112 

0-794 

3 

1  39-0  normal  rhytlnn 
\  'HO  aur.   (ilirillation 

1 00  \ 
110  1 

0-940 

1 

29  0 

111 

0-812 

■> 

27  0 

1  12 

0-7S,', 

The  alveolar  air  findings  in  these  cases  agree  with  those  of  Barr  and  Peters- 
in  that  there  is  a  diminution  in  the  carbon  dioxide  partial  pressure.  In  view 
of  the  observations  on  the  carbon  dioxide  content  of  the  arterial  blood  this 
is  what  would  have  been  ex^Dected  under  the  circumstances.  A  parallelism 
was  found  in  these  cases  between  the  depreciation  in  the  alveolar  air  carbon 
dioxide  partial  pressure  and  the  severity  of  the  sj'mptoms.  This  is  well 
illustrated  in  Case  3,  where  the  alveolar  air  carbon  dioxide  was  consistently 
low  during  the  periods  of  auricular  fibrillation  as  compared  with  those  during 
the  normal  rhythm.  As  none  of  the  cases  here  recorded  may  be  classed  as 
having  severe  cardiac  failure,  the  results  are  not  in  some  details  so  con- 
spicuous as  others  reported.  But  they  have  the  advantage  of  being  cases  in 
which  a  clear-cut  picture  might  be  expected. 
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Pnlmonari/  ventilation  anil  ha.sal  inelabolism. 

In  vnew  of  the  lowering  of  the  carbon  dioxide  partial  pressure  in  the 
alveolar  air  and  consequent  lowering  of  the  carbon  dioxide  content  of  the 
arterial  blood  it  was  considered  of  importance  to  determine  the  character  of 
the  pulmonary  ventilation  in  these  cases.  These  observations  are  set  forth 
in  Table  VII.  It  will  be  noted  that  under  resting  conditions  the  respiratory 
rate  is  usually  in  the  upper  hmits  of  normality.  The  total  ventilation, 
however,  is  not  much  different  from  the  normal.  Barr  and  Peters'-  obtained 
results  closely  approximating  to  our  findings.  The  carbon  dioxide  percentage 
in  the  expired  air  is  not  conspicuously  low,  although  it  was  found  by  com- 
parison with  a  large  number  of  normal  individuals  to  be  definitelj*  below 
the  average  normal.    This  is  particularly  the  case  in  subjects  1,2   3  and  5. 


So 

^ 

-^ 

*** 

ro 

// 

f 

40 

f 

?.o 

j 

J 

100 
Oxj  gen  pressure — millimetres  of  merrurj'. 

4.    Oxjh.Bmoglobin  curves  calcvJated  at  carbon  dioxide  partial  pressure  of  the  alveolar  air. 
Upper  cur\'e=  Cast  2.     Middle  curve  =  Cases  i  and  5.     Lower  cur\e=  Cu,ie  3. 


The  production  of  carbon  dioxide  and  the  consumption  of  oxygen  is 
imder  basal  conditions  not  much  different  from  normal.  If  there  is  any 
change  it  is  towards  a  slight  increase  in  the  basal  metabolic  rate  which 
is  in  accordance  with  the  findings  of  Peabody,  Wentworth  and  Barker'**  in 
cases  of  "cardiac  decompensation."  Under  conditions  which  were  not  basal, 
however,  there  was  very  little  or  no  increase  of  metaboHsm  permissible 
without  conspicuous  symptoms  developing  (Table  VII  and  IX,  Cases  I, 
2  and  3).  It  would  appear,  therefore,  that  such  cases  as  we  have  investigated 
were  able  to  maintain  a  sufficient  metabohsm  during  basal  or  ortlinary  resting 
conditions,  but  any  demand  for  a  metabohsm  beyond  a  certain  very  cir- 
cumscribed hmit  could  not  be  met  and  serious  and  incapacitating  symptoms 
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would  develop.  These  symptoms  were  not  only  respiratory  in  the  form  of 
dyspnoea,  which  was  most  obvious,  but  there  was  also  fatigue,  exhaustion 
and  weakness.  This  would,  therefore,  indicate  that  the  cause  of  the 
limitation  of  effort,  and,  therefore,  the  difficulty  in  increasing  the  metabolism 
was  a  general  phenomenon,  and  was  not  confined  to  the  pulmonary 
respiratory  function  as  distinguished  from  the  cellular  respiratory  function. 

Physiological  dead-space. 

An  explanation  of  the  production  of  the  lowered  partial  pressure  of 
carbon  dioxide  in  the  alveolar  air  was  not  apj^arently  to  be  obtained  from 
the  consideration  of  the  pulraonar}^  ventilation  alone.  The  available  evidence, 
however,  was  not  considered  complete  without  an  investigation  into  the 
physiological  dead-space.  This  was  determined  by  the  method  of  Douglas 
and  Haldane.^  The  results  are  set  forth  in  Table  VIII.  It  will  be  seen  from 
these  results  that  there  is  a  distinct  tendency,  in  the  cases  examined,  towards 
a  diminution  in  the  dead-space.  It  was  also  found  that,  where  symptoms 
would  be  most  easilj'  produced  by  exercise,  so  the  dead-space  was  most 
reduced.  This  parallelism  occurred  in  the  following  order  :  Cases  5,  4,  2,  I 
and  3.  But  in  Case  3  the  conditions  varied  depending  upon  whether 
auricular  filirillation  were  present  or  not.  If  fibrillation  were  present,  this 
case  assumed  a  position  analogous  to  Case  4,  wliile  if  normal  rhythm  were 
present  the  capacitj'  for  effort  and  the  dead-space  greatly  increased.  It  will 
also  be  noted  that  the  increase  of  the  dead-space  runs  in  close  parallelism 
to  the  increase  of  the  carbon  dioxide  pressure  of  the  alveolar  air. 

It  maj'  be  considered  probable,  therefore,  that  the  lowering  of  the 
alveolar  carbon  dioxide  is  accomiilished  hy  a  diminution  in  the  physiological 
dead-space  and  thus  a  closer  approximation  between  the  gaseous  content  of 
the  expired  and  the  alveolar  air.  This  occurs  not  only  in  so  far  as  the 
physiological  dead-space  for  carbon  dioxide  is  concerned,  but  also  for  oxygen. 
It  is  particularly  evident  in  Case  5  where  the  oxj^gen  and  carbon  dioxide 
dead-spaces  are  practically  identical. 

TABLE  VIII. 

Phijaiolofiical  fkri'l:ipaci'. 


Canliac  ryhthm. 

Dead-space 

mean,  in  cc. 

Subject. 

CO2 

O.vygen. 

I 

Normal 

l.i4  cc. 

— 

2 

Xoniial 

13G 

149 

3 

1  Auricular  fibrillation 
1                Normal 

121  1 
172  ( 

1G4 

Xormal 

AuriciiUir  fihi'iliation 


114 
104 


142 
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The  general  circidalion  rate  per  miniiie. 

In  view  of  tlie  respiratory  ami  blood  gas  observations  it  seemed 
apparent  that  an  adequate  explanation  of  the  dj'spncea  and  cyanosis,  &c.,  in 
these  cases  of  mitral  stenosis  was  yet  to  be  found.  All  the  deviations  from 
normal  so  far  demonstrated  appeared  to  be  in  the  manner  of  compensatory 
phenomena  and  did  not  afford  any  elucidation  or  indication  of  the  primary 
disturbance  of  function.  On  considering  the  character  of  the  lesion  and 
the  circulatory  jiathology  consequent  upon  it,  it  was  obviously  suggested 
that  the  primary  disturbance  of  function  was  probably  to  be  found  in  the 
circulation  itself.  This,  therefore,  necessitated  an  investigation  of  the 
general  circulation  rate. 

Several  means  of  determining  this  were  con.sidered  and  tried  upon 
})atients  but  with  indifferent  and  inconsistent  results.  As  a  result  a  method 
already  described  from  this  laboratory!^  ^ag  developed  for  employment 
in  patients  whose  physical  disabilities  and  lack  of  technical  knowledge 
required  some  simple  and  easily  repeated  procedure.  This  method  has  been 
employed  in  the  present  observations. 

In  normal  healthy  individuals  the  findings  vary  according  to  age,  sex, 
size  and  physical  development  of  the  individual.  The  volume  of  blood  passing 
through  the  heart  per  minute  and  the  volume  expelled  per  beat,  have  been 
found  to  fall  between  certain  broad  limits  in  adults  between  the  ages  of  20 
and  50. 

TABLE  IX. 
Normal  circulation  rale  and  cardiac  output  per  beat. 


Circulation  rate  ,  ,,  ,  ,      , 

per  min.  I  ^  "'""^^  ?«"■  ''^''*- 


Men 


(i-5  to  8  litres 


Wo  moil  5-5  to  7  litres 


90  to  120  ec. 
80  to   100  CO. 


In  the  cases  of  mitral  stenosis  investigated  there  was  a  great  reduction, 
not  only  in  the  minute  volume  of  the  general  circulation,  but  also  in  the 
output  per  beat.  The  various  observations  in  these  cases  are  set  forth  in 
Table  X.  In  Case  5  severe  respiratory  symjitoms  were  so  readily  induced 
that  it  was  found  impossible  for  the  patient  to  carry  out  the  procedure  for 
estimating  the  venous  carbon  dioxide  pressure.  The  results  of  the  few 
attempts  in  this  case  have  therefore  been  omitted.  The  other  cases,  after 
several  trials,  soon  became  quite  adept  in  the  procedure  and  carried  it  out 
with  expedition  and  accuracy. 

The  estimation  of  the  venous  carbon  dioxide  pressure  was  made  by 
beginning  with  a  low  percentage  of  this  gas  in  the  bag  and  working  upwards. 
After   several   stationary   estimations    were   obtained   carbon    dioxide   was 
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added  to  about  7  per  cent,  and  the  air  rebreathcd  until  a  similar  number  of 
stationary  readings  were  obtained  from  above  downwards.  These  two 
sets  of  stationary  readings  invariably  coincided  very  accurately.  In  Fig.  ."i  is 
shown  a  typical  series  of  estimations  plotted  in  sequence. 

In  these  cases  of  mitral  stenosis  there  is  a  conspicuous  reduction  in  the 
general  circulation  rate.  This  is  clearly  demonstrated  in  Cases  1,  2  and  4. 
In  all  of  these  cases  there  was  pronounced  stenosis  as  demonstrated  by  the 
cardiac  examination.  The  lesion  appeared  to  be  most  advanced  in  Cases  1 
and  4.  It  will  be  observed  that  although  the  general  circulation  rate  in 
these  cases  was  not  much  different  from  that  in  Case  2,  there  was,  however, 


>  Successive  rebreathings  from  bag. 
Fig.  5.      Approximation  of  the  veuous  CO,  percentages  from  lower  anil  higher  concentration. 


a  considerably  faster  cardiac  rate,  the  complement  of  which  is  evident  in  the 
definite  decrease  in  the  output  per  beat.  It  must  also  be  noted,  as  shown  in 
Table  VII.  that  the  height  and  weight  (surface  area)  of  Case  2  is  somewhat 
less  than  in  Cases  1  and  4. 

The  response  to  exercise  in  three  of  the  Cases  (1,2  and  4)  is  also  quite 
clear.  The  outstanding  feature  was  the  pronounced  increa.se  in  the  severity 
of  the  symptoms.  Although  there  is  a  comparatively  moderate  increase  in 
the  general  circulation  rate  there  is  a  very  conspicuous  increase  in  the  cardiac 
rate  and  a  slight  but  consistent  decrease  in  the  cardiac  output  per  beat,  which, 
if  the  exercise  had  been  pushed  to  a  greater  degree,  would  most  probably 
have  been  more  conspicuous. 

In  Case  3  we  were  fortunate  in  being  able  to  make  observations  during 
both  normal  rh3'thm  and  periods  of  auricular  fibrillation.  The  degree  of 
mitral  stenosis  was  not  conspicuous  as  compared  with  Cases  1,  2  and  4,  but  it 
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was  still  quite  definite.  It  will  be  noted  that  in  observations  1  and  G  the 
general  circulation  rate  only  differed  by  130  cc,  while  the  pulse  rates  were 
almost  equal  but  with  an  inverse  output  per  beat — the  slower  the  rate  the 
greater  the  output  per  beat  and  per  minute.  This  is  further  emphasized 
in  observation  2.  where  the  cardiac  rate  increased  to  130  and  the  output  fell  to 
28  cc.  per  beat.  A  logical  explanation  of  tliis  is  to  be  found  in  the  character 
of  the  tachycardia  and  the  presence  of  the  mitral  stenosis.  When  the 
rhythm  returned  to  normal  with  a  bradycardia,  the  general  circulation  rate 
greatly  increased  with  a  coincident  increase  in  the  output  per  beat.  This 
circulatory  improvement  was  further  emphasized  by  the  great  activity  and 
feeUng  of  well-being  of  the  patient  after  many  weeks  of  invaHdism.  But 
with  the  gradual  increase  of  the  cardiac  rate  the  general  circulation  showed 
a  comparatively  moderate  slowing,  and  the  output  per  beat  proportionatel}^ 
decreased.  The  pronounced  increase  in  the  metabolic  rate  in  observation  3 
may  have  partly  accounted  for  the  increase  in  the  general  circulation  rate. 
A  comparison  of  observations  5  and  7  demonstrates  how  closely  the  con- 
ditions are  reproduced,  as  has  already  been  mentioned,  as  occurring  during 
similar  periods  of  auricular  fibrillation. 

Discussion. 

In  investigating  these  cases  of  mitral  stenosis  we  have  been  trying  to 
explain,  if  possible,  the  meaning  of  the  chief  symptoms — dyspnoea,  palpi- 
tation, tachycardia,  exhaustion,  weakness,  cyanosis,  etc.,  which  are  so 
typical  of  this  disease  but  also  so  diverse  in  their  manifestations.  It  is 
difficult,  if  not  well-nigh  impossible,  to  find  cases  m  exactly  the  same  degree 
of  pathological  development.  Therefore  due  allov/ance  must  be  made  for  the 
varying  degrees  of  the  severity  of  the  lesions.  Some  of  the  cases  developed 
symptoms  on  much  less  provocation  than  did  others.  This  was  to  be  expected. 
As  has  already  been  mentioned,  many  of  the  deviations  from  normal  in  the 
respiratory  and  blood  gas  analj'ses  appeared  to  be  in  the  manner  of  com- 
pensatory phenomena.  But  for  what  disturbance  of  physiological  function 
they  were  compensating  was  not  clear  until  an  investigation  of  the  general 
circulation  rate  was  completed.  The  most  conspicuous  and  constant  fact 
observed  in  this  regard  was  the  pronounced  decrease  in  the  output  per  beat 
of  the  heart.  Instead  of  the  volume  of  blood  per  beat  being  80-100  cc,  it  was 
found  to  be  but  35-45  cc.  An  explanation  of  tliis  diminished  output  was, 
possibly,  to  be  found  in  the  character  of  the  cardiac  lesion.*  As  the  orifice 
of  the  mitral  valve  becomes  smaller  and  smaller,  the  amount  of  blood  which 
could  pass  from  the  auricle  to  the  ventricle  would  probably  become  pro- 
portionately less  in  a  given  period  of  diastole.    In  regular  cardiac  rhythm  the 

*  It  has  been  appreciated  by  us  tliat  there  are  at  least  two  factors,  namely,  tlie  valvular 
lesion  and  failure  of  the  cardiac  muscle — operative  in  producing  the  cardiac  inefficiency  observe<l 
in  such  cases  as  here  reported.  .\s  yet  we  have  been  unable  to  determine  the  relative  importance 
of  these  two  factors. 
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auricular  systole  would  gradually  assume  a  greater  proportionate  role  in 
introducing  blood  into  the  ventricle*.  But  as  the  resistance  became  greater 
even  this  factor  would  be  expected  to  suffer  certain  embarrassment.  It  is 
suggested  that  there  may  be  a  definite  relationship  between  the  degree  of 
stenosis  and  the  diminution  in  the  cardiac  output  per  beat. 

The  impairment  of  the  cardiac  output  per  beat  could  be  partially  com- 
pensated for  by  an  increase  of  the  cardiac  rate,  but  this,  it  has  been  found, 
has  not  been  proportionately  the  case.  Therefore  there  has  been  a 
consistent  diminution  in  the  minute  volume  of  the  general  circulation  rate. 
Even  at  rest  it  is  necessary  for  the  cardio-vascular  system  to  maintain  a 
more  or  less  efficient  circulation  rate  in  order  to  maintain  the  needs  of 
metabolism.  If  this  were  not  the  case  there  would  be  a  gradual  cessation 
of  certain  of  the  functions  even  at  rest.  That  an  increased  cardiac  rate 
was  necessary  to  maintain  this  level  is  demonstrated  in  Cases  1  and  4.  It 
is  further  evident  that  these  cases  even  under  basal  conditions  are  almost 
at  their  Umit  of  metabolic  activity.  Any  notable  increase  of  metabolism, 
beyond  that  of  basal  conditions,  demanded  by  slight  exertion  produced 
symptoms  out  of  all  proportion  to  the  work  done.  Furthermore  this  was 
only  accomplished  by  a  conspicuous  increase  in  the  cardiac  rate  and  by 
what  is  very  significant,  namely,  a  slight  but  constant  decline  in  the  volume 
output  per  beat. 

Under  such  conditions  it  would  not  be  con.sidered  probable  that  all  tlic 
tissues  woukl  be  as  freely  suppUed  with  blood  as  under  normal  conditions. 
The  increased  cardiac  and  respiratory  efforts  would  require  a  greater  supply 
than  normally.  Therefore  it  would  be  expected  that  certain  tissues  would 
have  their  circulation  relatively  reduced  during  periods  of  rest.  The  reduced 
oxygen  saturation  and  increased  carbon  dioxide  content  of  the  venous  blood 
from  the  arms  and  hands  would  indicate  that  the  skeletal  structures,  during 
periods  of  rest,  were  being  more  or  less  automatically  deprived  of  their 
normal  quantity  of  arterial  blood.  In  other  words  the  skeletal  structures 
during  periods  of  rest  were  standing  the  brunt  of  the  lowered  circulation 
rate  in  these  cases.    This  would  indicate  a  relative  circulatory  stasis. 

Those  organs  most  essential  for  carrying  on  life  would,  of  necessity, 
obtain  an  adequate  amount  of  blood.  The  skeletal  structures  which  at  rest 
are  but  little  used  would  naturally  require  but  a  scant  supply.  In  this  way 
a  certain  conservation  could  be  effected.  In  accordance  with  the  degree  of 
slowing  of  the  general  circulation  rate,  so  these  vitallj'  less  essential  tissues 
would  obtain  a  diminished  supply  of  blood.  The  very  slow  circulation 
through  tlie  extremities,  such  as  the  hands,  feet,  ears,  lips  and  nose,  would 
be  equivalent  to  a  relative  stasis.  A  natural  result  of  such  a  condition  would 
be  a  rapid  lowering  of  the  oxygen  saturation  and  an  increase  of  the  carbon 
dioxide  content  of  the  capillary   blood   which   would  be  reflected  in   the 

*  This  i61e  of  the  aurii-le  would  practically  disaiipoar  in  miricular  fibrillation. 
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condition  in  t)ie  venousi  blood  draining  the  ]iart.  In  this  way  the  occurrence 
of  a  purplish  cyanosis  in  the  peripheral  areas  would  be  accounted  for.  The 
occurrence  of  vascular  stasis  with  all  its  consequent  disturbances  of  cellular 
reaction  with  acidosis  and  swelling,  as  demonstrateil  in  a  former  paper, 
will  be  readily  understood.  We  consider  this  probably  an  important  factor 
in  the  production  of  cardiac  oedema.  The  mere  occurrence  of  slowed 
circulation  with  mechanical  squeezing  out  of  fluid  into  the  surrounding  e.xtra- 
vascular  spaces  does  seem  to  adequately  explain  the  production  of  oedema 
in  all  cardiac  cases.  The  evidence  indicating  a  definite  change  in  the  blood 
coming  from  the  capillaries  under  such  circumstances  appears  to  be 
complete.*  This  would  point  to  the  occurrence  of  a  relative  gaseous  acidosis 
in  the  cells  which  would  not  be  equal  in  all  ca.ses.  Those  \rith  the  severest 
enrdiae  inefficiency  and  proportionate  slo\\iug  of  the  general  circulation  rate 
would  be  most  likely  to  show  the  peripheral  signs  most  completely. 

We  would  suggest  that  the  cause  of  the  dyspnoea  in  these  cases  is  due 
to  an  analogous  course  of  events.  The  respiratory  centi'e  would  suffer 
along  with  other  structures  from  the  effects  of  a  relatively  slow  circulation 
through  it.  As  a  consequence  there  would  be  a  persistent  tendency  to  develop 
a  gaseous  cellular  acidosis.  This  the  respiratory  centre  would  attempt  to 
overcome  by  increasing  the  pulmonary  ventilation  to  reduce  the  carbon 
dioxide  partial  pressure  of  the  mixed  alveolar  air  and  as  a  result  reduce  the 
carbon  dioxide  content  of  the  arterial  blood.  This  would  produce  a  gaseous 
alkalosis  of  the  arterial  blood  which,  however,  w^ould  be  defeated  in  its 
beneficial  influence  if  the  bicarbonate  reserve  of  the  arterial  blood  were 
lowered.  There  is,  however,  no  evidence  of  this  lowering  taking  place. 
As  the  arterial  blood  reaches  the  tissues  in  a  more  or  less  alkaline  condition, 
due  to  a  depreciation  of  the  carbon  dioxide  content,  it  would  more  readily 
take  up  carbon  dioxide  from  the  tissues  \^hich  are  suffering  from  an 
impending  gaseous  acidosis. 

The  effect  of  a  sHght  gaseous  acidosis  of  the  respiratory  centre  would  be 
enhanced  by  the  threatened  develojiment  of  a  cellular  oxygen  want.  An 
ultimate  effect  of  the  slowing  of  the  circulation  through  the  respiratory 
centre  is  to  be  found  in  the  development  of  orthopnoea  and  in  certain  cases  of 
(Cheyne-Stokes)  periodic  bi'eathing. 

An  accentuation  of  all  the  symptoms  by  exercise  is  to  be  found  in  the 
milder  cases.  Due  regard,  however,  must  be  allowed  for  the  increased 
metabolism  when  comparing  the  detailed  findings  with  those  of  the  resting 
condition.  When  such  cases  of  mitral  stenosis  undertake  physical  exertion 
the  increase  of  the  general  circulation  rate  is  accomplished,  as  is  usual  in 
normal  cases,  by  an  increase  of  the  cardiac  rate.  As  the  blood  supplj^  to 
the  skeletal  tissues  is  ob^^ouslJ'  much  below  normal  at  rest  the  abnormal 
demand  can  only  be  met  if  the  exercise  be  within  certain  limits.  Such 
limits  will  depend  upon  the  degree  of  the  pathological  lesion  present.  It 
is,  in  the  main,  the  deficient    supjjly   of   saturated   oxyhaemoglobin    which 
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limits  the  capacity  for  physical  exertion.  If  the  exercise  be  pushed  beyond 
a  certain  limit  a  general  cyanosis  develops  which  is  of  a  deep  purple  hue, 
indicating  the  presence  of  high  carbon  dioxide  tension  with  a  lowered  oxygen 
pressure  in  the  blood  of  the  capillaries.  This  has  been  demonstrated  by 
direct  observation  of  the  venous  blood  which  shows  under  these  circum- 
stances a  greatly  decreased  oxygen  saturation  of  the  oxjdisemoglobin  and 
high  carbon  dioxide  tension,  although  the  carbon  dioxide  combining  power 
is  acutely  diminished.  Direct  examination  of  the  gaseous  content  of  the 
arterial  blood  has  not  been  possible  in  these  circumstances.  But  there  is 
presumptive  evidence  that  the  arterial  blood  maj'  not  be  completely 
oxj'genated,  as  the  inhalation  of  oxygen  gives  a  certain  amount  of  relief 
and  the  degree  of  cyanosis  is  less  on  the  same  amount  of  exercise. 

The  explanation  of  the  gradual  and  progressive  aggravation  of  the 
symptoms  in  these  cases  during  moderately  active  hfe  is  not  quite  clear. 
There  is  no  evidence  that  the  stenosis  changes  in  degree,  thereby  offering 
an  increasing  impediment  to  the  general  circulation.  It  seems  more  probable 
tiiat  the  explanation  must  be  sought  in  the  fact  that  through  a  gradual 
accumulative  but  slight  deficiency  of  blood  su^iply  to  the  cardiac  and  other 
tissues  their  efficiency  slowly  deteriorates  with  the  development  of  a  vicious 
circle  in  the  cardio-vascular  sj'stem.  With  prolonged  rest  the  condition 
gradually  returns  to  a  state  of  more  or  le.ss  efficient  equilibrium  which  in  some 
cases  may  be  more  pronounced  than  others,  depending  upon  the  chronicity 
and  aggravation  of  the  symptoms,  the  degree  of  stenosis  and  the  permanent 
damage  to  the  myocardium  and  others  tissues. 


Conclusions. 

1.  The  general  symptoms,  dysjmoea,  cyanosis,  weakness,  fatigue  and 
exhaustion,  in  cases  of  mitral  stenosis  are  primarily  due  to  a  reduction  of 
the  general  circulation  rate.  This  is  evident  at  rest  but  is  more  consjjicuous 
on  exercise,  particularly  when  the  work  accomplished  is  comjjared  with  the 
s^nnptoms  produced. 

2.  There  is  no  evidence  that  in  the  absence  of  pulmonary  com- 
Ijlications  there  is  any  deficiency  in  the  oxygen  saturation  of  the  arterial 
blood. 

3.  The  carbon  dioxide  content  of  the  arterial  blood  is  diminished, 
but  the  carbon  dioxide  combining  power  of  the  arterial  blood  remains  normal 
while  that  of  the  venous  blood  is  definitely  diminished.  The  pH  of  the 
arterial  blood  inclines  towards  an  increase  of  alkaUnity  while  the  venous 
blood  is  relatively  more  acid. 
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4.  These  deviations  from  normal  are  conijRMisatoi y  lihenonu'iia 
iiecessai'y  to  maintain  the  cellular  etjiiilibriiim  of  those  parts  insufficiently 
supplied  with  blood. 

5.  In  order  that  this  compensation  may  be  maintained,  the  alveolar 
carbon  dioxide  partial  pressure  is  diminished  and  the  o.xygen  partial 
pressure  is  increased. 

6.  The  variations  in  the  oxy-hsmoglobin  dissociation  curves  are  not 
beyond  the  limits  of  normal,  con-sidering  the  carbon  dioxide  partial  pressure 
of  the  alveolar  air.  Therefore  there  is  no  evidence  that  the  tissues  cannot 
accpiire  oxygen  as  readily  as  under  normal  conditions  in  so  far  as  the 
dissociation  of  oxy-ha?moglobin  is  concerned. 

7.  The  slowing  of  the  general  circulation  rate  indicates  that  certain 
tissues  would  not  obtain' a  sufficiency  of  oxy-ha?moglobin  to  maintain  their 
functional  efficiency  under  conditions  of  work.  Further,  if  this  slowing 
of  the  circulation  proceeded  beyond  certain  limits,  the  necessary  require- 
ments for  resting  conditions  could  not  be  maintained,  and  signs  of  circulatory 
failure  would  become  evident. 
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THE   EFFECT  OF  VAGAL   STIMULATION   ON   INTKA-AURICULAR 
BLOCK   PRODUCED   BY   PRESSURE   OR   COOLING.* 

By  T.  LEWIS  and  A.  N.  DRURY. 

{Univemity  College  Hospital  Medical  School.) 

Historical. 

Ix  1883,  GaskelP  reported  his  experiments  upon  the  tortoise  auricle.  He 
slit  up  the  auricle  so  as  almost  to  divide  it  into  two  parts,  the  one  attached 
to  the  sinus,  the  other  to  the  ventricle,  these  two  i^arts  being  left  united 
at  one  point  by  a  narrow  bridge  of  muscle  tissue.  If  the  bridge  is  rendered 
sufficientl}'  narrow,  it  becomes  incapable  of  convejang  each  impulse  from  the 
spontaneoush-  beating  ba.sal  portions  of  the  preparation  ;  the  bridge 
constitutes  a  point  of  block.  Gaskell  tested  the  effects  of  vagal  stimulation 
upon  this  block.  He  states  that  right  and  left  vagus  possess  the  power  of 
removing  a  partial  block.  He  writes  :  "  Tliis  improvement  of  conduction 
power  is,  like  the  improvement  in  the  force  of  the  contractions  or  the  after- 
acceleration,  sj^read  over  a  long  period  of  time,  so  that  in  most  cases 
stimulation  of  the  nerve  removes  the  partial  block  altogether."  Again,  he 
states,  "  every  second  contraction  passes  before  the  stimulation,  then  during 
and  after  the  nerve  stimulation  every  contraction  passes,  and  then  again  in  a 
very  short  time  only  every  second  contraction  is  able  to  pass."  Still  later 
he  states,  "  I  possess  but  few  curves  which  show  unmistakabh'  any  diminution 
of  conduction  power  in  consequence  of  nerve  stimulation.  Still,  as  Figs.  12 
and  13,  PI.  IV.,  show,  such  an  increase  in  the  extent  of  the  block  does 
undoubtedly  sometimes  occur." 

To  be  understood,  these  statements  require  further  examination.  The 
decrease  of  the  original  block  during  vagal  stimulation,  which  Gaskell  saw, 
was  accompanied  by  a  lowering  of  the  rate  of  sinus  beating  and  resulted  fiom 
this  lowered  rate  of  beating,  the  longer  rests  and  consequent  greater  recoverj'' 
of  the  tissue  bridge  between  the  beats.    Where  there  was  no  decrease,  or  no 

*  Observations  carried  out  on  behalf  of  the  Medical  Research  Council.  We  desire  to  acknow- 
ledge the  valuable  assistance  which  we  have  received  from  Dr.  A.  M.  W'cdd,  of  Pittsburgh,  and 
llr.  C.  C.  Iliescu,  of  Bukarest,  in  these  experiments. 

A  preliminary  account  of  these  experiments  appeared  in  the  Free.  Physiol.  Sec, 
February  18(/i,  1922. 
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appreciable  decrease,  in  the  rate  of  sinus  beating  under  vagal  stimulation, 
the  block  was  increased,  as  his  curves  clearly  show.  In  these  descriptions  of 
Gaskell's  experiments  there  is  no  evidence  to  show  that  during  vagal  stimula- 
tion the  tissue  of  tlie  bridge  is  capable  of  conducting  impulses  more  effectively 
than  before  the  nerve  stimulation  was  applied,  the  improvement  of  con- 
duction wliicli  he  here  describes  is  not  the  direct  outcome  of  vagal  stimulation, 
but  is  secondary  to  a  change  of  rate.  Two  figures  which  he  uses  a.s  illus- 
trations show  no  change  of  sinus  rate,  and  in  both  these  nerve  stimulation 
produces  a  greatly  enhanced  block.  It  is  here  to  be  observed,  however,  that 
in  his  subsequent  remarks,  Gaskell  refers  to  instances  in  which,  thougii  the 
rate  was  not  reduced,  the  block  became  decreased.  Since  these  instances 
are  not  illustrated,  it  does  not  seem  to  us  entirely  clear  that  the  block  was 
relieved  actually  during  the  stimulation,  tliough  this  is  the  actual  statement 
in  the  text.  It  seems  to  us  that  Gaskell  is  probably  here  describing  the 
effects  immediately  following  nerve  stimulation. 

Such  effects  are  perfectly  clearlj'  illustrated  and  described  in  other 
places.  The  usual  effect  of  vagal  stimulation,  when  a  partial  block  has  been 
established,  is  a  lowered  rate  of  sinus  beating  and  the  passage  of  the  bridge 
by  each  impulse  during  stimulation  ;  immediately  stimulation  is  withdrawn 
there  is  a  rebound  from  inhibition,  and  the  beats  of  the  sinus,  now  accelerated, 
pass  the  bridge  regularly  and  for  considerable  periods  of  time. 

From  Gaskell's  description  of  the  tortoise  auricle  therefore,  it  is  quite 
clear  that  vagal  stimulation  may  decrease  the  conduction  power  of  the 
bridge  ;  it  is  equally  clear  that  the  original  block  usually  becomes  reduced 
as  an  immediate  after  effect,  of  stimulation  ;  it  is  not  quite  clear  if,  in  excep- 
tional cases,  he  saw  an  actual  increase  in  the  bridge's  capacity  to  conduct 
(luring  vagal  stimulation. 

Gaskell's  observations  are  summed  up  in  his  sentence  : — "  Although 
the  initial  effect  of  the  vagus  is  to  depress  some  function,  its  final  and  most 
enduring  power  is  to  exalt,  intensify  and  repair  that  function." 

In  Engelmann's  experiments^  a  clamp  was  apphed  to  the  auricle,  and  the 
interval  between  the  contractions  of  the  jiroximal  and  distal  segments  was 
measured.  These  experiments  afford  little  information  from  our  present 
standpoint,  as  little  or  no  change  of  interval  was  observed  during  stimulation, 
and  for  the  most  part  vagal  stimulation  produced  much  slowing  of  the  heart. 

Garrey*  used  the  turtle's  heart.  He  produced  intra-auricular  block 
by  applying  a  clamp  between  the  right  and  left  auricle  and  obtained  results 
with  vagal  stimulation,  whicli  he  describes  as  invariable.  When  he 
stimulated  the  left  nerve  and  obtained  no  alteration  of  basal  rate,  the  block 
was  alwaj's  increased  ;  when  he  stimulated  the  right  nerve  and  obtained 
little  reduction  of  rate,  a  similar  effect  was  observed  ;  when  on  stimulating 
the  right  nerve,  the  basal  rate  was  much  reduced,  the  degree  of  block  i 
diminished.  Carrey's  experiments,  and  his  discussion  of  them,  particularly! 
emphasise  the  double  influence  of  the  vagus,  its  direct  and  depressing  effect j 
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on  the  one  hand,  its  effect  of  relieving  block  indirectly  by  reducing  the  rate 
at  which  impulses  impinge  on  the  bridge,  on  the  other.  ' 

To  sum  up,  so  far  as  the  cold-blooded  auricle  is  concerned,  there  is 
definite  and  unanimous  evidence  that  vagal  stimulation  will  further  decrease 
the  power  of  conduction  when  this  is  originally  lowered  by  clamj^ing,  or  by  other 
injury.  There  is  insufficient  evidence  that  the  reverse  effect  occurs,  though 
certain  of  GaskclFs  statements  may  be  read  to  imply  that  this  reversed 
action  is  sometimes  seen. 

So  far  as  the  mammalian  auricle  is  concerned,  we  are  aware  of  few 
observations.  It  has  been  shown  by  Lewis,  Mealdns,  and  White, ^^  and  more 
recently  and  conclusively  by  Lewis,  Drury,  and  Bulger,'  that  the  rate  of 
conduction  in  the  uninjured  dog's  auricle,  beating  at  normal  rates,  is 
uninfluenced  bj'  vagal  stimulation  (right  or  left).  But  it  was  shown  by  the 
same  workers^  that  when  the  rate  of  conduction  is  lowered  as  a  consequence 
of  raised  rate  of  beating,  that  vagal  stimulation  in  these  circumstances 
invariably  improves  conduction,  increasing  the  rate  until  it  reaches  its 
original  value.  Similar  observations  have  been  made  on  the  intra-auricular 
block  produced  by  strophanthin  poisoning.^  Both  these  effects  have  been 
attributed  to  a  reduction  of  the  refractory  period  of  the  auricle  under  vagal 
stimulation.  A  similar  effect  of  vagal  stimulation  is  observed  when  con- 
duction in  the  auricle  is  retarded  as  a  consequence  of  quinidine  poisoning 
though  the  nature  of  this  reaction  is  less  clear.'** 

In  view  of  these  observations  we  decided  to  test  changes  in  conduction 
in  the  auricle  under  vagal  stimulation  more  extensively,  and  first  describe  our 
observations  upon  intra-auricular  block  produced  by  compression.  These 
were  intended  primarily  to  test  the  question  as  to  whether  there  is  an 
essential  chfference  between  the  action  of  the  vagus  in  intra-auricular  block 
produced  by  compression  or  similar  damage,  in  the  cold  and  warm-blooded 
heart. 

Observations  on  block  jwoduced  by  compression. 

The  auricular  appendages  are  parts  of  the  auricle,  which  are  peculiarly 
suited  to  observations  such  as  are  to  be  described,  for  they  form  natural 
projections  which  may  be  compressed  at  their  bases  without  unduly 
interfering  ^vith  the  circulation.  The  experiments  to  be  described  were 
performed  upon  the  right  appendix  almost  exclusivel}'.*  Desiring  to 
interfere  but  slightly  with  the  transit  of  the  naturally  conducted  impulse 
from  the  body  of  the  auricle  along  the  Hue  of  the  auricular  apjoendix  to  its  tij), 
we  devised,  and  at  first  used,  a  pneumatic  clamp.  The  jaws  of  this  clamp 
were  rigid,  but  one  was  covered  by  a  flexible  rubber  membrane  which  could 
be  ballooned  against  its  fellow  at  varying  pressures.    The  pressures  employed 

*  On  two  occasions  the  chief  ob.ser\-ation  of  this  section  }ms  been  successfully  carried  out 
on  the  left  appendix. 
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varied  up  to  and  somewhat  beyond  300  mm.  Hg  ;  but  we  were  disappointed 
to  find  that  such  grades  of  compression  failed  to  jjroduce  the  desired  effect, 
namely,  an  impaired  conduction  through  the  tissues  of  the  bridge.  It 
became  obvious  that  the  degree  of  compression  required  to  produce  block  of 
different  degrees  could  not  be  attained  conveniently  by  means  of  pneumatic 
comiiression  ;  a  solid  metal  clamp  was  therefore  built,  which  would  submit 
the  muscle  to  much  higher  jjressures.  The  jaws  of  this  clamp  were  1  centi- 
metre wide,  flat,  and  smooth,  one  jaw  being  moved  to  meet  its  fellow  by  a 
very  fine  screw  having  60  threads  to  the  inch. 

The  method  of  experiment  is  as  follows  : — Dogs  of  about  10  kilogrammes 
weight  are  emploj'cd  and  these  are  fidly  anaesthetised  witli  morphia, 
paraldehyde  and  ether.  The  heart  is  exposed,  the  tiji  of  the  right  appendix 
secured  and  paused  through  the  jaws  of  the  clamp,  until  the  latter  rests  at 
the  base  of  the  appendix.  The  tip  of  the  apjDendix  is  then  fastened  without 
material  tension  to  a  convenient  part  of  the  chest  wall,  and  the  clamp  secured 
to  an  adjustable  stand.  Two  pairs  of  non-polarisable  contacts  are  now 
placed  in  the  line  of  the  auricular  appendix,  one  jiair  lying  proximal  and  the 
other  distal  to  the  clamp  ;  gaps  of  about  a  centimetre  being  allowed  between 
the  edges  of  the  clamp  and  the  nearest  contacts,  to  avoid  disturbance  of  the 
contacts  on  tightening  the  clamp.  Each  pair  of  non-polarisable  contacts 
is  connected  to  one  string  of  the  recording  galvanometer.  A  j^air  of  stimu- 
lating electrodes  is  placed  on  the  body  of  the  right  auricle,  and  in  Une  with  the 
two  pairs  of  recording  contacts,  and  into  these  rhythmic  induction  shocks 
are  sent,  at  a  rate  slightly  surpassing  the  rate  of  the  natural  heart  beat 
after  section  of  the  two  vagi.  To  these  rhythmic  shocks,  which  are  maintained 
througliout  the  experiment,  the  auricle  responds,  and  with  each  resjjonse 
the  excitation  wave  passes  to  the  })r()ximal  contacts,  across  the  area  involved 
by  the  clamp  and  to  the  distal  or  appendicular  contacts  ;  the  arrival  of 
the  wave  at  the  two  pairs  of  contacts  is  thus  recorded,  and  the  corrcsi^onding 
transmission  intervals  are  subsequently  measured. 

By  graduating  the  clamp  pressure  it  is  easy  to  obtain  various  grades 
of  block  between  the  body  of  the  auricle  and  the  appendix.  The  first  change 
observed  on  tightening  the  clami^  is  a  widening  of  the  transmission  interval  ; 
this  widening  increases  until  the  auricular  appendix  occasionally  fails  to 
respond  ;  with  more  severe  pressure  this  failure  to  respond  becomes  more 
frequent,  2  :  1  block  becomes  established,  and  finally,  with  heavy  pressure, 
no  beats  are  transmitted. 

At  any  of  these  stages,  the  effect  of  vagal  stimulation  upon  the  block 
so  induced  may  be  tested.  It  is  to  be  observed,  however,  that  if  pressure  is 
a2:)plied  and  a  certain  grade  of  block  is  obtained,  maintenance  of  this  same 
pressure  for  unduly  long  periods  of  time  is  accomjjanied  by  an  increase  in 
the  grade  of  block  ;  the  pressure  used  is  much  more  than  is  sufficient  to 
bring  the  blood  supply  to  the  appendix  to  an  end,  and  the  muscle  will  not 
continue  for  many  minutes  to  beat  in  these  circumstances.  It  is  necessary, 
therefore,  by  prehminary  tests,  to  gain  an  idea  of  the  jaressure  needed  to 
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produce  a  desired  grade  of  block,  and  to  ajiplj^  this  pressure  without  undue 
dchiy  ;  otherwise  a  sufficient  period  of  uniform  block  will  not  be  obtained 
for  the  purjjoses  of  the  test.  A  period  of  time  sufficient  for  the  test  of  vagal 
stimulation  and  subsequent  recovery  from  this  test  is  required.  The  latter 
is  not  always  but  is  usually  obtainable.  A  period  sufficient  for  two  complete 
tests  is  not  usually  attainable  ;  it  is  best  to  withdraw  the  pressure  as  soon 
as  the  first  test  is  complete,  and  to  reapply  it  subsequently  in  further  tests, 
since  severe  initial  pressure  is  usually  required  ;  its  early  withdrawal  in 
observations  in  m  Inch  complete  block  is  produced  by  clamping  is  especiallj' 
desirable.  For,  if  severe  pressure  is  maintained  undulj',  recovery  of  con- 
duction on  removing  the  clamp  is  vcrj^  slow,  occupying  half  an  hour  or 
more.  In  the  case  of  lesser  grades  of  block,  recovery  on  removing  the  clamp 
usuallj'  occurs  witlu'n  a  few  seconds  or  at  the  most  minutes. 

When  the  vagal  stimulation  affects  blocks  so  produced  it  does  so  in  an 
almost -constant  manner,  it  reduces  the  block  :  and  this  statement  apphes 
to  each  degree  of  block. ,  The  reduction  of  the  block  usually  occurs  promptly, 
and  is  maintained  throughout  stimulation.  The  block  reappears  shortly 
after  vagal  stimulation  ceases. 

Exceiitionally  vagal  stimulation  fails  to  affect  the  block  ;  this  happens 
in  two  circumstances.  Firstly,  if  the  vagus  is  inactive  or  is  inadequately 
stimulated.  Whether  the  vagus  has  or  has  not  acted  on  the  heart  is  known 
from  an  examination  of  the  records  ;  for  although  these  records  are 
essentiallj'  auricular  records,  a  small  and  clear  ventricular  representation 
is  also  seen  in  them.  This  disappears  under  vagal  stimulation,  as  does  the 
ventricular  beat  in  a  simultaneous  ventricular  mj'ogram,  because  A-V  block 
becomes  established.  It  is  to  be  remembered  that  the  auricular  rate  is  being 
maintained  at  160-210  throughout  the  observation,  and  that  in  this  cir- 
cumstance both  right  and  left  vagus  peld  high  grades  of  A-V  block. 
We  use  such  strengths  of  vagal  stimulation  as  will  bring  the  ventricle  to  a 
standstill  or  will  induce  a  high  grade  of  partial  A-V  block,  and  this  A-V 
block  forms  a  safe  control  of  the  general  influence  which  the  vagal  stimu- 
lation has  exerted  in  each  observation.  Secondly,  the  vagal  stimulation 
may  fail  to  affect  the  block  if  the  pressure  exerted  by  the  clamp  has  been 
too  great  or  has  been  too  long  maintained.  Such  exceptions  are  exclusively 
instances  of  block  originally  complete  in  its  degree,  and  in  all  such  recovery 
from  block  on  releasing  the  clamp  has  been  long  delayed.  In  such  experi- 
ments failure  to  obtain  the  usual  vagal  effect  may  be  due  to  death  of  the 
muscle  fibres,  though  this  is  rarely  the  case,  .since  ultimate  recovery  of 
conduction  is  almost  invariable  ;  it  is  more  probably  due  to  damage  of  the 
nerve  fibres  beneath  the  clamp.  In  several  instances,  after  releasing  the 
clamp,  a  complete  block  has  been  maintained  for  periods  of  many  minutes 
and  even  of  40  minutes,  yet  at  any  time  during  this  period  the  block  could 
at  once  be  broken  down  temporarily  to  a  1:1  response  by  stimulating  the 
vagus  (Dog  XY,  record  No.  16).  In  a  solitary  instance  (Dog  NZ,  record 
No.  3)  a  slightly  prolonged  interval  (  A-  A  was  not  reduced  bj-  effective  vagal 
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stimulation  ;  in  a  solitary  instance  (Dog  NX,  record  No.  3)  a  prolonged 
interval  was  slightly  increased  by  vagal  stimulation.  For  these  two  minor 
exceptions  we  have  no  explanation  to  offer. 

Reduction  in  the  degree  of  block  is  produced  by  stimulating  either  the 
right  and  left  vagus,  and  in  our  experiments  the  two  nerves  have  seemed 
equally  effective  in  this  respect. 

Complete  aboHtion  of  the  block  is  not  usually  seen,  though  the  block 
is  almost  abolished.  Thus,  although  complete  block  is  always  reduced  to  a 
condition  in  which  there  is  invariable  response,  yet  the  short  original 
transmission  interval  is  not  generallj'  reached.  It  may  be  reached,  and  is 
often  almost  reached,  but  even  at  the  height  of  the  reaction,  the  intervals 
usually  remain  a  little  lengthened.  Failure  to  reduce  the  block  entirely  is 
evidently  due,  in  large  measure  at  all  events,  to  damage  produced  by  the 
clamp.  After  clamping  and  releasing  the  muscle,  the  original  intervals  are 
not  usually  entirely  restored  ;  if  time  is  allowed,  recovery  occurs  but  is 
rarely  quite  comiilete.  It  would  appear  that  conduction,  depressed  by 
clamping,  is  restored  or  greatly  improved  by  vagal  stimulation  ;  when  under 
vagal  stimulation  a  shght  defect  still  remains,  it  may  be  ascribed  in  part 
at  least,  to  permanent  damage  of  the  tissue,  perhaps  through  interference 
with  its  blood  supply. 

The  after-effects  of  vagal  stimulation  as  opposed  to  the  effects  witnessed 
during  stimulation,  are  more  difficult  to  study.  Usually  the  degree  of  block 
preceding  vagal  stimulation  reappears  ;  but  the  after-effects  are  not 
infrequently  complicated  by  increase  in  the  grade  of  block  consequent  on 
the  clamp  pressure  being  maintained  ;  for  the  effect  of  the  clamp  is  the 
estabhshment  of  a  certain  grade  of  block,  which  after  a  time  tends  to 
increase  if  pressure  is  continued. 

These  observations  are  illustrated  by  records  and  by  Table  I.  In 
Fig.  1  the  top  curve  {V.M.)  is  a  ventricular  myogram,  in  which  the  beats 
of  the  ventricle  {v)  are  clearly  shown.  The  centre  curve  {APP)  is  an 
electrogram  from  the  appendix  distal  to  the  clamp  ;  the  lowest  curve  is  an 
electrogram  from  the  body  of  the  auricle,  proximal  to  the  clamp.  Throughout 
the  record  the  clamp  was  on ;  the  body  of  the  auricle  is  beating 
in  response  to  rhythmic  shocks,  entering  it  at  a  rate  of  167  per  minute,  as 
shown  by  the  sharp  deflections  in  the  lowest  curve  ;  the  ventricle  is 
responding  to  the  auricle  at  the  same  rate,  its  movements  being  recorded 
by  the  myograph  and  by  the  small  deflections  v  in  the  lowest  curve.  On 
the  other  hand,  the  appendix  is  not  responding  ;  complete  block  between 
it  and  the  body  of  the  auricle  exists.  Shortly  after  vagal  stimulation  begins 
the  ventricle  stops  beating,  and  almost  immediately  the  appendix  responds 
for  the  first  time  (beat  5)  ;  the  appendix  fails  to  respond  to  the  next  impulse 
(beat  6),  but  responds  regularly  to  impulses  7,  8,  9,  10,  etc..  Thus,  wliile 
the  vagal  stimulation  produces  a  profound  degree  of  block  at  the  A-V 
junction,  it  quickl}-  relieves  the  block  previously  produced  at  the  base  of 
the  auricular  appendix  by  the  clamp. 
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A  second  and  very  similar  record  is  shown  in  Fig.  2.  In  this  record  the 
clamp  had  been  released  from  the  auricle  for  40  minutes,  during  which 
time  complete  block  was  always  present,  except  when  the  heart  was  under 
vagal  stimulation  (see  Table  1).  In  this  the  relief  of  the  block  is  more 
prompt,  as  is  usual,  and  a  1:1  response  of  the  appendix  is  estabUshcd, 
without  the  interposition  of  a  2:1  period.  Meanwhile  the  ventricle  is 
brought  to  a  temporary  standstill.  As  the  heart  recovers  from  the  effect  of 
stimulation,  the  auricular  block  reasserts  itself  and  the  appendix  again 
becomes  motionless. 

A  series  of  observations  is  tabulated  in  Table  I,  where  under  "  controlled 
auricular  rate  "  the  rate  of  rhythmic  response  to  stimulation  maintained  during 
the  whole  of  the  corresponding  observation  is  given.  In  the  next  two  columns 
conduction  from  auricle  to  appendix  before  and  during  vagal  stimulation 
is  indicated  by  the  ratio  of  the  rates,  and  in  the  case  of  1  :  1  response  by 
the  transmission  intervals  (A- A).  In  the  succeeding  columns  the  vagus 
used  and  the  strength  of  stimulation  are  indicated.  In  the  last  column  but  one 
the  degree  of  A-V  block  resulting  from  vagal  stimulation  is  noted.  In  the 
last  column  the  relation  of  the  observation  to  the  apphcation  or  release  of 
the  clamp  is  indicated.  Most  of  the  observations  were  made  immediately 
after  the  first  apphcation  of  the  clamp,  or  after  its  release  and  re-apphcation. 

Atropine  and  acetyl-choline.  That  the  effect  on  the  auricular  block  is  a 
true  vagal  effect  and  is  not  due  to  escape  of  current  to  the  sympathetic 
has  been  fully  determined.  The  vagus  (right  and  left)  was  stimulated  high 
in  the  neck  in  all  instances  ;  in  two  experiments  (Dogs  NY  and  OB),  after 
repeatedly  obtaining  release  of  the  appendix  from  a  conchtion  of  persistent 
complete  block,  atropine  was  injected  intravenously,  \vithout  reapplying 
the  clamp.  The  reaction  was  in  each  case  destroyed  by  this  injection,  the 
adequacy  of  which  was  shown  by  the  simultaneous  disappearance  of  vagal 
block  at  the  A-V  ring.  More  recently  instead  of  farachsing  the  vagus,  we 
have  used  acetyl-choline  to  stimulate  it,  and  have  obtained  an  identical 
reaction,  namely,  release  of  high  grades  of  block  produced  by  clamping. 

Observations  on  block  produced  by  cooling. 

We  first  attempted  to  obtain  intra-auricular  block  as  a  result  of  cooling, 
by  means  of  a  specially  constructed  cooler.  The  apparatus  consisted  of  a 
small  circular  box  of  brass,  flat  on  its  upper  and  lower  surfaces  and  having  a 
circular  hole  cut  through  its  centre  to  expose  a  corresponding  area  of  muscle 
to  view  when  the  box  lay  flat  on  the  auricular  wall.  The  sides  of  this  hole 
were  sealed  off  with  metal,  so  as  to  convert  the  rest  of  the  box  into  a  closed 
and  hollow  brass  ring  ;  into  the  latter,  inlet  and  outlet  tubes  were  soldered, 
and  through  these  water  at  various  temperatures  could  be  passed.  Thus,  a 
centi'al  area  of  muscle  could  be  examined  while  the  surrounding  ring  of  muscle 
could  be  cooled  at  will.     It  was  hoped  that  by  passing  water  sufficiently 
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cold  througli  the  ring,  a  hlock  between  outer  and  inner  muscle  could  be 
induced,  while  the  former  responded  to  rhythmic  stimulation.  This  pro- 
cedure was  not  successful,  however,  for  in  only  one  out  of  a  number  of 
experiments  could  such  block  be  obtained.  The  difficultj^  so  it  was  judged, 
was  that  deep  muscle  fibres  were  apt  to  escape  cooling  on  one  or  other  .side 
of  the  ring.    The  method  was  abandoned. 

Eventually  we  succeeded  by  using  again  the  base  of  the  appendix.  With 
a  powerful  clamp  the  muscle  bounding  the  deep  surface  of  the  appendix 
at  its  base  was  crushed  and  destroyed,  and  this  line  of  crush  was  prolonged 
on  to  the  superficial  surface  of  the  appendix,  so  that  only  a  small  bridge 
of  muscle,  |  to  1  cm.  across,  joined  the  body  of  the  auricle  to  the  appendix 
itself.  A  flat  lead  tube  was  laid  on  this  bridge,  and  water,  at  various  tem- 
peratures, was  passed  through  it.  Pairs  of  contacts  were  arranged,  as  in  the 
previously  described  experiments,  one  on  the  appendix  and  one  on  the  body 
of  the  auricle,  and  the  auricle  was  stimulated  in  line  with  these. 

Effect  of  cooling.  Records  were  taken  M'hile  the  water  was  at  body 
temperature,  and  at  temperatures  varying  from  this  down  to  lO^C,  the 
water  being  allowed  to  circulate  for  2  minutes  on  each  occasion.  The  trans- 
mission interval  is  on  occasion  found  to  rise  when  the  temperature  falls  below 
30°  or  25°,  usualty,  when  it  falls  below  20°.  This  rise  of  interval 
increases  until  a  temperature  of  about  15°  is  reached,  when,  if  the  auricle 
is  beating  at  rates  of  about  150-180  per  minute,  2  :  1  response  apjDcars 
(see  Table  II).  Before  the  appearance  of  2  :  1  response,  the  transmission 
interval  has  risen  by  approximately  50  per  cent.  On  one  occasion,  complete 
block  was  seen  at  a  temperature  of  10°. 

Effect  of  vagal  -stimulation.  The  right  nerve  has  alone  been  tested. 
When  an  effect  is  produced,  it  is  uniformly  expressed  as  a  reduction  in  the 
degree  of  the  preceding  block.  The  instance  of  complete  block  and  most 
instances  of  2  :  1  block  could  thus  speedily  be  reduced  to  a  condition  of 
1  :  1  response.  The  reaction,  however,  takes  place  after  a  rather  longer 
delay  than  is  the  case  with  compression  block.  When,  under  coohng,  a 
1  :  1  response,  accompanied  by  a  prolonged  transmission  interval,  prevails, 
vagal  stimulation  reduces  the  length  of  this  interval.  Where  the  original 
prolongation  is  slight,  under  the  influences  of  the  vagus  it  becomes  normal 
again.  Where  the  prolongation  is  greater,  the  interval  is  verj'  decidedly 
reduced  but  does  not  return  to  the  normal  figure. 

In  some  experiments,  however,  especially  in  those  where  temperatiu'es 
of  1-4°C.  and  lower  are  being  used,  no  decided  effect  may  be  witnessed  upon 
stimulating  the  vagus.  This  can  be  seen  from  Table  II,  when  in  the  2  :  1 
block  stage,  vagus  stimulation  fails  frequently  to  relieve  the  block,  or  to 
show  any  material  reduction  in  the  transmission  intervals. 

It  is  to  be  remarked  that  we  are  also  coohng  nerves  and  nerve  endings, 
and  that  the  coohng  must  spread  into  the  muscle  surrounding  the  lead  tube, 
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and  that  this  failure  to  elicit  a  reaction  to  vagus  stimulation  may  be  due  to  a 
consequent  local  failure  of  the  nerve  endings.  That  spread  of  cooling  is 
taking  place  is  indicated  by  the  intrinsic  deflections,  given  by  the  distal 
electrodes,  placed  upon  the  tip  of  the  appendix.  These  intrinsic  deflections, 
as  the  temperature  in  the  tube  is  lowered,  begin  to  lose  their  original  form, 
present  a  much  less  sharp  rise  and  fall,  and  a  smaller  amplitude  ;  suggesting 
that  changes  are  taldng  place  both  in  the  s3'stole  of  the  muscle  underlying 
the  electrodes  and  in  conduction  ;  alternation  is  frequently  met  with  Mliilc 
these  changes  are  progressing,  and  such  alternation  is  abolished  by  vagal 
stimulation. 

Fig.  3  shows  a  record  of  a  2  :  1  block  passing  into  a  1  :  1  response  under 
vagal  stimulation.  The  top  curve  ( APP)  is  an  electrogram  from  the 
apiDcndi.x  distal  to  the  clamp,  and  the  bottom  curve  ( AUR\  from  the  body 
of  the  auricle  proximal  to  the  clamp.  At  the  beginning  of  the  record,  water 
at  a  temperature  of  12|'^'C.  has  been  flowing  through  the  tube  for  2  minutes, 
and  the  body  of  the  auricle  is  responding  to  rhythmic  shocks  at  the  rate  of 
159  per  minute,  and  gives  rise  to  the  sharp  deflections  of  the  lower  curve; 
the  ventricle  is  responding  to  the  auricle  and  is  recorded  as  small  deflections  (v) 
in  the  lower  curve.  The  tip  of  the  appendix  is  responding  to  every  alternate 
stimulus,  and  gives  rise  to  the  deflections  in  the  upper  curve  (which  are  less 
sharp  than  in  the  lower  curve).  The  vagus  is  then  stimulated  just  after  beat  1, 
and  the  ventricle  is  brought  to  a  standstill,  and  shortly  afterwards,  from 
beat  8  onwards,  the  appendix  responds  to  every  stimulus. 

Although  in  these  effects  the  vagus  was  stimulated  high  up  in  the  neck, 
it  seemed  desirable  that  this  result  of  vagal  stimulation  should  be  confirmed 
by  the  injection  of  acetyl  choline  ;  sufficient  acetjl  chohne  was  injected  to 
produce  a  complete  ventricular  standstill,  and  in  this  way  also  the  2  :  1  block 
was  relieved  several  times. 

DiscHSiion. 

The  observations  here  recorded  were  largely  prompted  by -previous  work 
in  which  the  conclusion  has  been  reached  that  the  vagus  has  no  effect  on  the 
rate  of  fibre  conduction  in  the  normally  beating  auricle,  but  that  when,  in 
special  circumstances,  conduction  through  the  muscle  sheet  is  impaired, 
vagal  stimulation  is  capable  of  restoring  normal  conduction.  Impairment 
of  auricular  conduction,  consequent  on  a  high  rate  of  beating,  or  after  the 
administration  of  such  poisons  as  strophanthin  and  quinidine,  is  reheved 
partially  or  completely  by  vagal  stimulation.  This  eS'ect  has  been  ascribed 
to  the  power  of  the  vagus  to  reduce  the  length  of  the  refractory  period  of 
the  auricular  muscle,  an  increase  of  the  latter  being  in  the  circumstances 
largely  or  wholly  responsible  for  the  originally  defective  conduction.  By 
provoking  intra-auricular  block,  either  by  pressure  or  by  cooUng,  we  had 
hoped  to  add  further  examples  of  a  parallel  kind,  and  thus  to  establish  our 
conclusions  on  a  more  general  basis. 
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The  first  anticipation  has  not  been  disappointed,  for  both  by  pressure  and 
b}'  cold,  block  may  be  produced  in  its  several  degrees  in  the  auricular  muscle  ; 
and  these  blocks,  like  those  previously  dealt  with,  are  cleared  away  in  part 
or  in  whole  by  vagal  stimulation.  This  result  was  anticipated,  because  it 
was  thought  probable'  that  compression  and  cold  might  induce  block, 
either  by  prolonging  the  systole  of  the  muscle,  and  thus  lengthening  its 
refractory  period,  or  by  depressing  excitabihty.  The  second  hope,  that 
our  former  conclusions  might  be  made  general,  has  not  been  fulfilled 
completelj-. 

Prolonged  conduction  intervals  and  2  :  1  response  might  be  explained 
ou  the  basis  of  a  prolonged  refract orj-  period,  or  by  a  lowered  rate  of 
recovery  of  excitabihty,  when  they  are  produced  bj'  cold  or  pressure. 
A  relief  of  blocks,  so  arising,  by  vagal  stimulation  could  be 
explained  reasonabh',  by  supposing  a  reduction  of  the  refractory  period 
with  its  consequent  lengthening  of  the  period  of  recovery.  But  we  have 
encountered  unexpectedly  the  fact  that  complete  block,  produced  by  the 
same  means,  is  also  relieved.  The  case  which  presents  the  greatest  difficulty 
is  that  of  complete  block  produced  by  pressure.  In  this  instance,  the  muscle 
pressed  upon  may  refuse  to  conduct  for  very  long  periods,  extending  to  as 
long  as  40  minutes  and  persisting  long  after  removal  of  the  clamp.  The 
muscle  is  not  dead,  for  it  will  recover  after  tlii.s  long  period  of  quiescence  ; 
neither  is  it  rendered  temporarily  and  wholly  incapable  of  functioning  ; 
for  if  at  any  time  during  this  period  the  vagus  is  stimulated  the  obstruction 
to  the  passage  of  impulses  is  removed  for  the  period  of  stimulation.  The 
remarkable  fact  remains  that  the  functions  of  the  compressed  muscle 
appear  to  lie  dormant  for  considerable  periods  of  time,  and  that  the  vagus 
is  capable  of  thro\^-ing  them  once  more  into  activity.  To  explain  blocks  of  this 
kind  as  resulting  from  lengthened  refractory  period,  and  their  removal  by 
the  vagus  as  due  to  the  shoi-tening  of  the  refractory  period,  would  involve  two 
distinct  assumptions  ;  firstlj-,  that  severe  pressure  can  produce  a  contraction 
in  muscle  of  inordinate  duration,  a  form  of  prolonged  standstill  in  s3'stole, 
and,  second!}',  that  vagal  stimulation  is  capable  of  reducing  the  length  of  a 
systole  during  its  progress.  In  regard  to  the  last  assumption,  we  know  of 
neither  supporting  nor  conflicting  evidence  ;  but  the  correctness  of  the  first 
assumption  appears  so  improbable  that,  for  the  moment  at  all  events,  it 
must  be  placed  on  one  side. 

A  curious  and  paradoxical  acceleration  of  the  whole  heart  occurring 
in  special  circumstances  and  luider  vagal  stimulation  has  been  recorded 
by  Dale,  Laidlaw  and  .Symons^;  they  incUned  to  attribute  it  to  the  presence 
of  normal  cardiac  accelerators  in  the  vagal  as  opposed  to  sympathetic  fibres, 
their  idea  being  that  the  effect  of  stimulating  these  accelerator  fibres  is 
normally  overshadowed  by  that  of  the  inhibitor  fibres.  They  regarded  the 
concUtion  of  their  experiments  as  jiroducing  a  depression  of  the  inhibitory 
fibres,  thus  reveahng  the  accelerator  effects.  The  reactions  which  we  have 
described  are  not  susceptible  to  a  like  explanation  ;  for  they  are  invariably 
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accomimnied  by  a  profound  inhibitory  action  upon  other  parts  of  the  heart ; 
when  the  local  block  at  the  base  of  the  appendix  is  relieved,  a  high  grade  of 
block  is  simultaneously  manifested  at  the  A-V  junction  and,  as  is  readily 
seen  in  the  experiments,  the  aiiricular  contractions  diminish  almost  to  the 
point  of  invisibility.  Thus  it  is  quite  clear  that  the  inhibitory  vagal  fibres 
are  exercising  their  usual  profound  influence  upon  the  heart  as  a  whole,  at 
the  instant  at  which  the  block  is  rehevcd  in  the  appendix  ;  and  we  are 
consequently  indisposed  to  accept  the  view  that  the  local  effect  results  from 
a  selective  action  of  accelerator  vagal  fibres,  which  might  be  supposed  to 
exist.  It  appears  to  us  that  we  have  to  deal  with  a  normal  vagal  impulse, 
pla3dng  upon  muscle  in  which  the  conditions  are  peculiar  ;  and  that  this 
local  peculiarity  of  the  muscle  fibres  (consequent  on  pressure  or  cooling)  is 
responsible  for  the  effect  witnessed.  We  go  farther  and  siiggest  that  the 
phenomenon  brought  to  light  in  this  fashion  may  be  the  revealing  of  normal 
effects  of  vagal  governance  of  the  heart,  effects  always  present  but  usually 
concealed.  It  is  to  be  emphasised  that  we  are  not  able  to  exclude  an  action 
comparable  or  analogous  to  that  ijreviously  described,  where  a  reduction 
of  the  refractory  period  of  the  muscle  produces  an  apparently  paradoxical 
effect ;  but  given  that  such  an  explanation  is  inapplicable  to  the  present 
effects,  then  we  are  thrown  back  upon  more  fundamental  inferences. 
Gaskell^  was  wont  to  lay  stress  upon  the  anabolic  effect  of  vagal  stimu- 
lation. Of  the  precise  view  which  he  held  we  feel  uncertain.  It  is  clear, 
however,  that  he  intended  to  express  an  activity  contrary  in  its  direction 
to  that  displayed  as  a  depression  of  function,  and  that  he  considered  the 
vagus  may  be  responsible  for  a  building  uj:)  and  storing  of  energy,  though 
its  activity  is  chiefly  displayed  in  preventing  the  dispersal  of  energy.  These 
ideas  of  his  do  not  ajipear  at  any  time  to  have  gained  wide  acceptance,  and 
some  of  the  arguments  which  he  used  to  support  them  have  since  weakened. 
The  most  notable  instance  of  this  weakening  of  evidence  is  to  be  found  in 
Einthoven's^  recent  explanation  of  Gaskell's  experiment,®  in  which  he 
described  a  positive  variation  of  the  demarcation  current  under  vagal 
stimulation.  Gaskell  regards  the  nerve  supj^lying  a  somatic  muscle  as 
katabolic,  and  the  vagal  supply  of  the  heart  as  anabolic  ;  he  instances  the 
positive  variation  produced  bj-  the  vagus  in  contradistinction  to  the  negative 
variation  of  the  demarcation  current  produced  by  the  somatic  nerve.  It 
seems  probable  from  Einthoven's  observations  that  this  positive  variation, 
induced  by  vagal  stimulation,  is  non-existent.  That  being  the  case,  we  are 
led  to  inquire  if  evidence  from  other  sources  supports  the  view  that  vagal 
stimulation  leads  to  a  building  up  and  storage  of  energy,  while  at  the  same 
time  it  impedes  its  dispersal  in  the  form  of  muscular  activity.  Of  a  storage 
there  is  evidence  ;  of  a  builcUng  up  M'hich  is  more  intense  than  normal, 
there  is  little  evidence  that  is  clear.  Yet,  because  this  evidence  is  luiclear 
the  hypothesis  cannot  be  placed  altogether  on  one  side  ;  it  might  be  used 
to  explain  the  phenomena  which  we  have  been  describing.  Our  suggestion 
is  that  in  the  circumstances  of  our  own  experiments  the  vagal  influences 
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wliich  may  be  exerted  normally  ujion  the  energy  of  the  muscle,  namely, 
an  increased  storage  on  the  one  hand  and  a  diminished  dispersal  on  the  other, 
become  locally  dissociated  ;  that  the  first  is  retained  and  that  the  last  is 
decreased  or  abolished.  A  parallel  explanation  appears  to  us  to  be  applicable 
to  the  phenomena  described  by  Dale,  Laidlaw  and  Symons,  as  an  alternative 
to  that  put  forward  by  these  workers. 


Conclusions. 

1.  Block  in  varjing  degrees  can  be  jjroduced  between  different  portions 
of  the  auricular  muscle  of  the  dog  by  applying  pressure  or  cold. 

2.  The  blocks  so  produced  are  abolished  in  part  or  in  whole  by  stimu- 
lating the  vagus,  while  simultaneously  the  inhibitory  nerve  influence  is 
displa3'ed  at  the  A-V  junction  by  the  production  of  block. 

3.  The  meaning  of  this  paradox  is  discussed. 
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Fig.  3.  (Dog  OQ,  record  No.  9.)  .4  PP.  =  appendicular  and  .4  r7/?.  =  auricular  electrogram. 
2  :  1  block  between  auricle  and  appendix  has  been  producedby  cooling  the  base  of  the  appendix 
to  12i°C.  Right  vagal  stimulation  soon  converts  tlie  2  :  1  into  a  1  :  1  response,  which  continues 
to  the  end  of  the  record. 


A  CASE   OF  HEART  BL(3CK  ILLUSTRATING  THE  BEHAVIOUR 
OF   THE   AURICLE   DURING   PERIODS    OF   PROLONGED 
VENTRICULAR   SILENCE." 

By  HAROLD   WILTSHIRE. 

{DeparlinenI  of  Cardiologtj,  King's  College  Hospiktl.) 


The  cliief  interest  of  this  case  centres  in  the  behaviour  of  the  auricle 
during  periods  of  prolonged  ventricular  inactivity,  as  revealed  by  electro- 
cardiograms which  show  the  whole  course  of  several  complete  attacks. 

Clinical  notes. 

M.,  a  man,  age  63,  was  atlmittcd  to  King's  College  Hospital  at  6.0  p.m., 
on  June  29th,  1922,  complaining  of  attacks  of  "'  flatulence  which  .sets  uj) 
heart  trouble." 

History.  The  family  history  was  unimportant.  The  patient  had  led  an  active  life  as  a 
shopkeeper  and,  save  for  some  indefinite  dyspepsia  of  recent  years,  had  enjoyed  good  health, 
his  only  illness  having  been  a  single  attack  of  severe  tonsilitis  which  occurred  so  many  years  ago 
that  the  exact  date  could  not  be  remembered. 

The  fij'st  syncopal  attack  occurred  three  years  ago,  at  a  time  when  he  felt  perfectly  well. 
When  out  for  a  walk  he  suddenly  '"  came  over  dizzy  "  fainted,  and  fell  down.  In  falling  he 
"  liroke  the  bone  of  his  cheek."  He  thinks  he  was  unconscious  for  about  10  minutes.  After  » 
week  in  bed  with  no  further  sjTnptoras  he  felt  quite  well  again,  "  able  to  do  anything,"  and  he 
remained  in  perfect  health  until  August,  1921,  when  a  second  attack  occurred.  This  seems  to 
have  been  like  the  first  but  less  severe.  After  this  he  remained  quite  well  imtil  five  weeks  before 
admission,  when  a  third  attack  of  the  same  nature  occurred.  He  was  kept  in  bed  three  days 
but  then  appeared  quite  well  again.  A  fortnight  later,  however,  i.e.,  three  weeks  before  admission, 
he  had  another  attack  which  proved  to  be  the  first  of  a  series.  At  first  these  occurred  about  once 
a  day,  but  their  frequency  increased,  the  patient  stating  that  they  had  been  "  ver>'  numerous  " 
during  the  last  three  days,  and  had  prevented  him  from  getting  any  sleep.  According  to  his  wife 
they  had  occurred  at  inter\'als  of  about  10  minutes  throughout  the  24  hours  before  admission. 
She  described  them  as  "  fainting  fits  "  in  which  consciousness  was  completely  lost  ajid  she  had 
noticed  that  twitching  movements  of  the  limbs  occurred  during  some  attacks.  The  patient 
himself  was  not  aware  that  loss  of  consciousness  was  complete.  Except  for  a  little  headache,  he 
complained  of  no  pain,  and  he  himself  regarded  flatulence  as  his  most  distressing  symptom. 

Condition  on  admission.  The  patient  was  a  Mell  nourished  man  of 
normal  appearance  and  mental  condition,  who  looked  rather  younger  than 
his  age. 

The  pulse  was  regular,  26  per  minute,  of  full  volume.  The  artery  wall 
appeared  normal.    The  systohc  blood  pressure  was  180  mm.  Hg.     Auricular 
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venous  jjulsation  was  visible  in  tlie  neck,  about  100  per  minute.  The  chest 
wall  was  thick  and  the  apex  impulse  could  not  be  seen  or  felt.  On  percussion 
relative  cardiac  dulnes.s  extended  for  half  an  inch  beyond  the  left  nipple 
line.  On  auscultation  a  loud  blowing  systolic  murmur  was  heard.  This  was 
most  intense  in  the  mitral  area,  i^oorly  conducted  into  the  axilla,  and  audible 
with  diminishing  inten.sity  up  to  the  base.  The  second  sounds  at  the  ba.se 
were  of  normal  quality,  but  faint.  The  lungs,  mouth,  abdomen  and  central 
nervous  system  gave  no  sign  of  disease.  No  urine  was  passed  during  the 
first  24  hours  in  hospital.  The  bladder,  which  only  contained  about  six 
ounces,  was  then  emptied  by  catheter,  a  concentrated  specimen  being 
obtained  wliich  contained  a  rather  heavy  cloud  of  albumen.  This  oliguria 
and  albuminuria  was  thought  to  be  due  to  the  inefficient  circulation  through 
the  kidney.  The  Wassermann  reaction  was  reported  as  "  negative  but  not 
quite  clear." 

An  electrocardigram  confirmed  the  clinical  diagnosis  of  com])lete  heart 
block.  The  auricular  rate  was  100  per  minute,  and  that  of  the  ventricle 
22  jier  minute.  The  ventricle  was  not  quite  regular  in  time.  The 
ventricular  complexes  indicated  well  iriarked  left  side  preijonderance  with 
some  slight  delay  in  ventricular  conduction,  the  Q.  R.  S.  time  being  0-12  of 
a  second.     The  T  wave  was  well  marked,  and  was  upright  in  all  three  leads. 

At  the  time  of  admission  syncopal  attacks  were  occurring  at  irregular 
intervals,  about  one  every  ten  minutes,  and  were  of  varying  duration  up 
to  about  half  a  minute.  At  the  start  of  each  attack  respiration  became  slow,- 
deep,  and  .sighing,  but  as  the  attack  progressed  it  quickened  steadily,  at 
the  same  time  becoming  more  shallow.  The  face  turned  slightly  pale  and 
cyanosed,  but  this  change  in  colour  was  remarkably  slight.  The  eyes  were 
rolled  ujjwards.  Consciousness  was  raindly  lost.  After  some  fifteen  seconds 
twitching  movements  began  in  the  hands  which  were  jerked  up  towards  the 
mouth  as  if  the  patient  were  trying  to  fumble  with  his  teeth,  the  head  at 
the  same  time  being  bent  forward  as  if  to  meet  the  hands.  With  the  first 
returning  pulse  wave  a  single  deep  sighing  respiration  was  taken  ;  the 
head  fell  back  and  the  hands  fell  to  the  .side  and  either  remained  still  or 
gave  one  or  two  spasmodic  movements  ;  colour  was  rapidly  restored  in  the 
face  ;  and  after  a  short  period  of  ajDncea  normal  respiration  was  resumed. 
From  the  patient's  manner  and  speech  it  was  evident  that  he  did  not  realise 
that  loss  of  consciousness  had  been  complete. 

Course  in  hospital  and  termination.  The  sub.sequent  story  is  one  of 
steady  increase  in  frequency  and  severity  of  attack,  little,  if  at  all,  modified 
by  attempts  at  treatment. 

By  9.0  p.m.,  witliin  three  hours  of  admission  and  before  any  drugs  had 
been  given,  the  attacks  were  more  severe  and  the  intervals  between  them 
were  reduced  to  some  five  minutes.  At  9.30  p.m.  atropine  sulphate 
gr.  1/100  was  given  by  hypodermic  injection,  and  this  producing  no 
effect,  another   dose,    gr,    1/50  was  given  an  hour  later.      This  seemed  to 
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do  good,  and  the  {)atient  slept  quietly  for  half  an  hour.  Attacks  then 
recurred  again  until  2.0  a.m.  when  he  again  slept  for  40  minutes.  At 
2.40  a.m.  a  series  of  8  attacks  occurred  within  5  minutes  and  another 
dose  of  atropine  (gr.  1/50)  was  given.  The  attacks,  however,  continued 
unabated,  and  the  patient  became  very  restless,  struggling  and  trjing  to 
get  out  of  bed.  At  3.30  a.m.  a  hypodermic  of  morphia  (gr.  J)  was  given, 
and  this  was  followed  by  a  quiet  jjeriod  for  half  an  hour.  Then  the  attacks 
recurred  again  as  before,  but  the  patient  no  longer  regained  consciousness 
between  them. 

From  tliis  time  until  death  occurred  some  36  hours  later  consciousness 
was  never  regained,  and  the  patient  remained  in  an  almost  continuous 
'■  status  "  of  attacks,  one  following  after  another  with  barely  sufficient  time 
between  for  the  circulation  to  be  kept  going.  The  periods  of  ventricular 
activity  and  silence  were,  in  fact,  roughly  of  equal  length. 

The  duration  of  individual  attacks  varied  but  showed  some  relation 
to  the  previous  rate  of  the  ventricle.  When  the  ventricle  was  slow,  about 
22  per  minute,  the  subsequent  attacks  were  likely  to  be  short,  lasting  about 
half  a  minute  ;  but  when  the  ventricle  was  rapid,  about  60  to  80  per  minute, 
the  subsequent  attack  was  likely  to  last  a  minute  or  more,  several  being 
noted  which  persisted  for  over  100  seconds. 

After  a  little  observation  it  became  possible  to  know  what  the  ventricle 
was  doing  by  simply  watching  the  patient.  Cessation  of  ventricular  action 
was  signalled  at  once  by  deeji,  slow,  sighing  respirations,  which  steadily 
increased  in  rate  and  became  more  shallow  as  the  attack  progressed.  After 
about  30  seconds  the  mouth  was  closed  and  respiration  became  more  noisy. 
The  colour  of  the  face  gi'adually  changed  to  a  muddy  pallor  tinged  by  shght 
cyanosis,  but  this  change  was  remarkably  less  than  one  would  have  expected. 
The  moment  a  ventricular  contraction  ended  the  attack  respiration  ceased 
completely  and  there  was  a  period  of  apnoea  lasting  some  10  seconds,  during 
which  a  vivid  bright  pink  blush  spread  all  over  the  face  and  neck.  Respiration 
was  than  resumed  and  the  pink  blush  faded  quickl}^,  normal  colour  being 
regained.  Up  to  the  time  when  morphia  was  given,  twitcliings  and  spas- 
modic movements  of  the  limbs  were  a  constant,  though  bjr  no  means 
prominent,  feature  of  all  attacks,  which  lasted  over  15  seconds.  After 
the  morphia,  however,  this  convulsive  tendency  became  much  less  ;  in  fact, 
in  many  of  the  later  attacks  the  limbs  remained  completely  motionless, 
thus  making  it  possible  to  obtain  complete  electrocardiographic  records. 

Some  6  hours  before  death  occurred,  at  a  time  when  the  ventricular 
rate  was  persistently  high,  and  the  attacks  in  consequence  were  prolonged 
and  severe,  an  injection  of  morphia  (gr.  \)  and  atropine  (gr.  1/100)  was 
given.  At  the  time  this  appeared  to  do  a  little  good,  as  it  was  followed  by  a 
fall  in  ventricular  rate,  and  some  reduction  in  length  of  attack.  When, 
however,  the  same  injection  was  repeated  later,  with  the  same  object,  it 
produced  no  effect. 
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About  3.0  p.m.  on  July  1st,  a  ver}^  severe  attack  occurred,  the  nurse 
I'eporting  that  the  pulse  had  stopped  for  two  minutes  before  I  reached  the 
bedside.  The  patient  was  lead  grey  in  colour  and  appeared  to  be  dead,  but 
after  a  few  acts  of  artificial  respiration  natural  breathing  was  resumed,  and, 
a  few  seconds  later  the  ventricle  started  to  beat  again.  About  an  hour  later, 
however,  another  prolonged  attack  occurred,  and  tliis  proved  fatal. 

Post  -inorlem. 

General.  The  lungs  were  slightly  emphysematous.  Small  old  tuberculous  scars  were  present, 
at  both  apices.  Both  lungs  showed  general  oedema  and  hypostatic  congestion  at  the  bases,  and 
there  were  numerous  submucosal  petechial  hiemorrhagos  in  lioth  bronchi.  The  kidneys  were 
normal  to  the  naked  eye,  but  showed  slight  increase  of  interstitial  tissue  on  microscopic  exami- 
nation. The  brain  was  normal  except  for  some  sligiit  venous  congestion.  A  small  psammoma 
was  present  in  the  left  lateral  ventricle,  attached  to  the  choroid  plexus  l)y  a  thin  pedicle.  Except 
for  these  changes  the  organs  in  general  were  normal. 

Cardiovascular.  The  heart  was  somewhat  enlarged  owing  to  dilatation  of  the  right  side, 
and  h>-pertrcphy  of  the  left  ventricle.  There  was  a  good  deal  of  subporicardial  fat  and  the 
coronary  veins  were  distended  witli  venous  blood.  Tlie  right  auricle  and  ventricle  were  dilated 
and  filled  with  dark  venous  blood  and  post-mortem  clot.  The  pulmonary  and  tricu.spid  valves 
were  normal.  Nothing  abnormal  could  bo  seen  or  felt  in  the  region  of  the  junctional  tissues. 
The  main  mass  of  the  left  ventricle  appeared  normal  in  colour  and  consistence,  but  in  one  or  two 
places  small  patches  of  lighter  colour,  were  present.  It  was  thought  that  these  might  be  due  to 
fatty  degeneration,  but  microscopic  examination  was  negative.  One  minute  subendocardial 
petechial  hiemorrhage  was  present  aljout  half-way  down  the  septal  wall  of  the  left  ventricle. 
Small  early  atheromatous  patches  were  present  in  the  first  part  of  the  aorta,  and  on  the  aortic 
cusps  and  mitral  valve  flaps,  but  these  changes  were  not  considered  more  than  is  usual  at  the  ago 
of  the  patient.  The  coronary  arteries  showed  atheroma  to  a  more  marked  degree,  with  con- 
siderable calcareous  deposit,  but  in  no  place  was  the  lumen  of  the  main  trunks  narrowed  to  a 
serious  degree. 

Microscopically,  the  general  heart  muscle  showed  very  well  marketl 
brown  atrophy,  but  in  other  respects  appeared  normal.  Serial  sections 
were  cut  of  the  junctional  tissues.  The  tissue  of  the  A-V  node  and  of  the 
upper  part  of  the  main  bundle  appears  fairly  normal.  There  is,  perhaps,  a 
slight  relative  fibrosis  of  the  tissues  around  the  bundle,  but  this  change 
is  not  marked  and  could  not  have  affected  function.  Just  above  the  point 
of  division  of  the  main  stem,  however,  there  is  a  comparatively  abrupt 
change,  the  bundle  becoming  markedly  fibrosed.  The  overgrowth  of  inter- 
stitial connective  tissue  is  so  great  that  the  bundle  might  be  described  as  a 
fibrous  cord  containing  a  few  strands  of  muscle  fibre.  The  fibrous  tissue 
infiltrated  between  and  isolated  the  few  remaining  muscle  fibres  from  one 
another.  It  is  well  formed  and  there  is  no  evidence  of  active  cell  proliferation 
or  recent  development  of  new  connective  tissue.  This  fibrosis  involves 
the  termination  of  the  main  bundle,  and,  in  lesser  degree,  the  beginnings 
of  its  two  main  branches.  The  few  remaining  muscle  fibres  vary  in  size. 
Some  appear  swollen  and  degenerate,  but  it  is  difficult  to  judge  of  the  ante- 
mortem  condition  of  their  cytoplasm  in  a  paraffin  section. 

The  small  arteries  of  the  part  show  slight  thickening  and  intimal  pro- 
liferation, but  this  change  is  not  marked  and  does  not  appear  sufficient  to 
account  for  the  extreme  fibrosis  in  the  lower  end  of  the  bundle.,  A  few  small 
areas  of  calcareous  deposit  are  present  in  the  base  of  the  aorta,  and  one 
small  focus  of  similar  dci)osit  is  present  near  the  bundle  at  the  top  of  the 
muscular  interventricuhu'  septum. 
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Electrocardiographic  observations. 

Complete  electrocardiograms  were  obtained  of  several  attacks  in  which 
ventricular  silence  persisted  for  periods  varying  in  duration  from  12-6 
seconds  up  to  67  seconds.  In  seven  of  these  the  attack  lasted  over  a 
minute.  These  records  are  unfortunately  much  too  long  to  be  reproduced 
in  full,  and  only  small  sections  can  be  given  in  illustration  of  particular 
points*  ;  but  the  sequence  of  events  of  each  attack  is  indicated  in  Table  I. 
At  the  time  when  two  of  these  attacks  were  registered  (Nos.  15  and  16) 
the  auricle  was  in  state  of  flutter. 

These  electrocardiograms  indicate  that  the  auricle  suffers  considerable 
distress  during  periods  of  prolonged  ventricular  silence,  for  though  auricular 
contractions  of  normal  type  continue  for  some  time  after  the  ventricle 
has  ceased  to  beat,  they  fail  sooner  or  later,  and,  for  the  rest  of  the  period 
of  ventricular  inactivity^  the  action  of  the  auricle  is  uncertain  and  deficient. 
The  changes  in  auricular  action  may  be  considered  in  their  order  of 
sequence  in  the  attack.     . 

(a)  The  phase  of  persistence  of  auricvlar  contractions  of  normal  type. 
Reference  to  Table  I  will  show  that  in  some  attacks  auricular  action  of 
normal  type  persisted  for  a  comparatively  long  period  (over  40  seconds), 
whereas  in  others  a  change  took  place  much  more  early  (about  20  seconds). 
In  this  respect  two  classes  might  be  recognised,  one  of  late  auricular  failure, 
and  one  of  early  failure,  and  it  is  perhaps  a  suggestive  fact  that  the  class 
of  early  failure  occurred  in  the  later  attacks  when,  presumably,  the  auricle 
was  more  exhausted.  The  class  of  late  failure  is  represented  by  the  three 
first  prolonged  attacks  registered,  Nos.  2,  3  and  4,  and  in  these  the  normal 
type  of  action  persisted  for  44,  42,  and  42  seconds,  respectively.  All  the 
later  attacks  belong  to  the  class  of  early  failure,  normal  action  ceasing, 
on  the  average,  at  the  end  of  19-4  seconds  (maximum  No.  13,  27  seconds, 
minimum  No.  19,  13-5  seconds).  No  progressive  decrease  of  the  duration 
of  normal  action  can  be  discerned ;  the  first  examjjle  of  the  class  of  early 
failure  being  registered  within  some  twenty  minutes  of  the  last  attack 
sho\^dng  late  failure.  In  two  attacks,  Nos.  15  and  16,  the  auricle  was  in  a 
state  of  flutter,  and  in  these  the  flutter  mechanism  persisted  throughout, 
though  not  without  alteration,  as  detailed  later. 

During  the  first  ten  seconds  after  the  ventricle  has  ceased  to  beat  the 
auricle  usually  shows  but  Uttle  change.  After  this  it  tends  to  quicken 
slightly  and  to  maintain  a  more  rapid  rate  for  some  ten  to  fifteen  seconds. 
This,  however,  then  gives  way  to  progressive  slowing,  the  original  rate  being 
reached  again  in  about  half  a  minute,  after  which  slowing  progresses  still 
more  rapidly  until  a  speed  is  reached  considerably  (some  20  beats  per 
minute)  below  that  at  the  commencement  of  the  attack  (see  Fig.  1). 

*  In    all    illustrations    the    lead    shown    is    Lead    II.      The  sensitivity  is   standard  x  3  2. 
Sensitivity  was  purposely  increased  in  order  to  bring  out  the  action  of  the  auricle. 


206 


HAROLD     WILTSHIRE. 


Rates  before  attack. 


Date 
and 
time. 


Duration 

of 

attack 

in  sees. 


Auricle  during  attack. 


Kate  before  failure  of 
normal  mechanism. 


Time  of 
transition 


After  failure  of 
normal  mechanism. 


June  29 
8.45  p.m. 


100  regular 


2.1  regular 


12-6-1- 


Steady    increase     of 
rate  to  110 


June  30 
2.30  p.m. 


108  regular 


slowing  at  end 


1st  10"  —  108 

2nd  10"  —  120 

3rd  10"  —  lU 

4th  10"  —  102 

Last  4"  —     90 


44th  sec. 


3  ectopic  beats  in  2" 


2.40  p.m. 


30 

slowing  at  end 


1st  10"  —  114 
2nd  10"  —  120 
3rd  10"  —  114 
4th  10"  —  90 
Last  cycle       85 


Very  irregular  slight 
?  ectopic  deflections 


48 
slowing  at  end 


1st  10"  —  lOJ 
2nd  10"  —  114 
3rd  10"  —  108 
4th  10"  —  93 
Last  cycles     8 1 


Irregular     for     10", 
then   questionable 


.15  p.m. 


47 
slowing  at  end 


1st  15"  quickens  122 

to  130 
Last  G"  slows  to  125 


21st  sec. 
abrupt 


3.30  p.m.         122 


54 

slowing  at  end 


IstlOthsec. — ectopic 

rhythm. 
10th-25th  sec. — more 

normal  type. 

Slowing  107  to  88. 
Last   15" — auricular 

silence. 


Practically  regular. 
122-124  per  min. 


21st  sec. 
abrupt. 


lst-25th  sec. — slow, 
irregular,  ectopic. 

Last  1 2" — auricular 
silence. 


5.30  p.m. 


56 
slowing  at  end 


Practically  regular. 
125-127  per  min. 


18th  sec. 
abrupt. 


Very  slow,  irregular, 
ectopic     and     1 
normal  type. 


5.35  p.m. 


GO 
slowing  at  end 


17th  sec. 
abrupt. 


Silent  except  for  irre- 
gular slow  beats. 

Some  ectopic.  These 
apt  to  occur  in  pairs 


5.50  p.m. 


7.45  p.) 


50 
slowing  at  end 


Practically  regular. 
126 


19th  sec. 
abrupt. 


slowing  at  end 


Quickens  120- 125 


19-5  sec. 
abrupt. 


1st  20  sees,  slow, 
irregular,  from  var- 
ious foci.  Last  7" 
slow  normal  typo 
at  53  per  min. 


1st  8  sees,  irregular, 
normal  and  ectopic. 
Then  normal  type 
alx)ut  50  per  min. 
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After  Attack. 


Kecovery  „  ,  ^      ^        '^'  '^s''' 

t_i-pg  "^  Subsequent  rate.      length 


R-  T  interval 
in  sees. 


Subsequent  rate. 


Convulsion  during  attack, 
obscures  later  events. 


1st  8"  quickens 
95  to  111. 
Then  regular. 


Before   0  64 
After      0-78 


30  per  min. 


"  after  one  or 
two  doubtful 
ectopic  beats. 


i"  after  two  slow 
ectopic  beats. 


"  after  two 
ectopic  beats. 


1st  10"  quickens 
100  to  120 


2-34 


Starts  71, 
quickens 
rapidly. 


Before    0-63 
After      0-84 


Quickens  to  48. 
Then  slows 
again. 


After  49  sees,  ventricular 
activity  continued  in 
gram  4. 


Before    0-44 
After      0-78 


Direct  continuation  from 
gram  3.  Ends  before 
subsequent  rate  of 
auricle  and  ventricle  is 
registered. 


Before   0-44 
After      0  03 


Rapidly  quickens 
to   60 


Starts  88, 
quickens 
rapidly. 


Before   0-60 
After      0-68 


Rapidly  quickens 
to  68. 


Low  deflections 
after  2". 


Before    0-44 
After      0-72 


Rapidly  quickens 
to  60 


5"  after  two  slow 
ectopic  beats. 


92  increasing  to 
115  within  6". 


Before    0-48 
After      0-76 


Rapidly  quicken 
to  60". 


4-2"    after    one 
ectopic  beat. 


105  rapidly  2-44 

quickens  to 
124. 


Before   0-61 
After      0-72 


First  few   slow. 
Later  32. 


6-5"  after  one  or 
two  ectopic 
beats. 


85  quickening  S  0 

rapidly  to  120 


Before   0-56 
After      092 


First   few   slow. 
Later  56. 
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Date 
and 
time. 


8.10  p.m. 


Rates  before  attack. 


H.:iO  p.m. 


40 
slowing  at  end 


19  per  inin. 


Duration 

of 

attack 

in  sees. 


Auricle  during  attack. 


Before  failure 
normal  mechanism. 


Regular  125 


1st  10"  —  Uf) 
2ncl  10"  —  120 
Last  0"   —  111 


Time  of  After  failure 

transition  ,    normal  mechanism. 


19th  sec. 
abrupt. 


20th  sec. 
abrupt. 


Single  ectopic,   then 
2"    silence,     then 
ectopic  50  per  min. 


3"  silence,  then  slow 
irregular  ectopic  or 
normal  beats. 


118 

slowing  to 

111 


Slow  couples. 


Starts  111. 
Quickens  to  120. 
Then  slows  to  1  It 


27  th  -sec. 
abrupt. 


Starts  7"  silence  bro- 
ken by  1  ectopic. 
Then  irregular,  ec- 
topic or  normal, 
abotit  48  per  min. 


122 


8.40  p.m. 


58  per  min. 
last  few  slow. 


Starts 

By   15"  quickens  to   j   £0-5   sec. 
130.  abrupt. 

Then  starts  to  slow. 


4-5  sec.  silence.  Then 
ectopic.  56  per  min. 
for  14".  Then  irre- 
gular normal  type. 


11.30  p.m. 


Flutter  at 

250 
per  min. 


50 
slowing  at  end. 


Flutter  at 

250 
per  min. 


56 
slowing  at  end. 


Flutter  continues  throiKjIimil . 
1st  10  "at    238  per  min. -^ 

2nd  10",.    186  „         I  With   steady  diminution    in 

3rd  10"  ,,    186         ..         |       extent  of  deflection, 
l.ast  6"  ,,    180         „        -' 


Flutter  continites  throughout. 
1st  10"  at  240  per  min 


2nd  10" 
3rd  10" 
4th  10' 
5th  10' 
6th  10" 


186 
180 

174 
164 
165 


tWith  steady  diminution  in 
extent  of  deflection  and 
appearance  of  some  irregu- 
larity. 


July   1st 
1.0  a.m. 


55  + 
gram 
ends 


Quickens  slightly. 
130  to  136 


74  +     I   Quickens  IS 

gram     i 

ends. 


15th  sec. 
abrupt. 


4  doubtful  transition 
beats.  Then  ectopic 
rhythm  slowing  from 
SO  to  52,  and  then 
gradually  cjuicken- 
ing  again. 


15th  see. 
abrupt. 


3"  auricidar  silence. 
Then  slow  irregular 
ectopic  or  normal 
type. 


Quickens  133-142 


13-5  sec.    I  Slow,  iriegalar  ecto- 
alirupt.  pic  boats,  about  72 
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{contimiciD. 


After  Attack. 

AtTRICLE. 

Ventricle. 

Kemakks. 

Recoverj'. 
takes 

Subsequent  rate. 

1st  cycle, 
length 
in  sees. 

R-  T  interval 
in  sees. 

Subsequent  rate. 

3"  after  one  or 
two  ectopic  beats 

Ill  quickening 
steadily  to  120 

3-8 

Before    OfiO 
After      0-72 

33  per  min. 

*Lasfc  ventricular  cycle 
before  this  attack  = 
9  sees. 

3"  after  one  or 
two  ectopic  beats 

Starts  103. 
Quickens  to  118. 
Then    slows    to 
111. 

3G4 

Before   OGO 
After      0-84 

30  per  min.,  later 
slow  couples. 

Continued  direct  in  gram 
13.  Intervening  period 
of  ventricular  activity 
=  53-5  sees. 

7"  aft«r  3  or  4 
ectopic  beats. 

Starts  100, 
quickens  steadily 

2-96 

Before   0-50 
After      0-S4 

Starts   slow, 
quickens  to  40. 

6"  after  3  or  4 
ectopic  Veats. 

Starts  74, 
quickens 
rapidly. 

2-96 

Before    0-52 
After      0-80 

Starts    slow, 
quickens 
rapidly  to  57. 

Shows  a  whole  period  of 
ventricular  activity.  r)4 
sees. 

See  remarks. 

See  remarks. 

See 
remarks. 

See  remarks. 

At  36-2"  of  attack  single 
ventricular  beat  occiu-s 
followed  by  further  si- 
lence for  10  sees.,  after 
which  gram  obscured 
owing  to  patient  moving. 
Within  5  sees,  of  this 
single  beat  flutter  rate 
recovers  from  187  to  230. 

Within  2"  some 
recovery  rate. 

Within   4"  rate 
rises  to  214. 

Not  shown. 
Gram  ends. 

J 

Not  shown. 

End  of  attack  not  regis- 
tered. 

Gram  ends  after  registering 
74  sees,  of  ventric.  silence 

5"  after  one  or 
two  ectopic  beats 

Not  shown.                 2-88 

Before    0-42 
After      0G4 

Not  showni. 
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These  changes  were  observed  in  tlie  three  earlier  attacks,  those  classed 
as  late  failure.  In  all  the  subsequent  attacks,  which  are  classified  as  early 
failure,  the  same  tendency  to  initial  quickening  was  seen,  but  transition 
to  an  abnormal  mechanism  occurred  before  the  subsequent  slowing  could 
become  established. 

Coincident  with  the  slowing  in  rate  of  the  auricles  there  was  a  change 
in  the  auricular  deflections.  This  change  is  .seen  to  be  a  gradual  decrease  in 
amplitude  of  deflection  which  becomes  more  obvious  as  the  slowing  becomes 
more  marked.  The  auricular  deflection,  in  fact,  appears  to  be  fading  away 
(see  Fig.  1).  In  the  later  grams  of  early  failure,  in  which  slowing  could  not 
become  established  this  gradual  failure  of  deflection  is  not  .seen.  It  is, 
however,  represented,  the  last  beat  or  two  of  normal  type  always  showing 
some  decrease  in  the  extent  of  the  deflection  and  a  more  blunt  outline. 

It  is  interesting  to  notg  that  these  two  alterations,  reduction  of  speed, 
and  decrease  in  amplitude  of  deflection,  are  also  represented  in  the  two 
attacks  which  occurred  while  the  auricle  was  in  a  state  of  flutter.  In  flutter, 
however,  no  initial  quickening  occurs,'  in  fact  reduction  in  rate  appears 
to  be  progressive  from  the  start.  A  fall  in  from  240  per  minute  to  164  per 
minute  occurred  in  one  attack  lasting  a  minute  (gram  16) ;  and  a  rate  of 
168  per  minute  occurred  at  the  end  of  another  attack,  the  beginning  of 
which  was  missed  (see  Figs  5  and  6). 

Simultaneous  with  thi.s  slowing  of  the  flutter  there  is  a  progressive 
altei'ation  in  deflection,  as  will  be  seen  in  Fig.  5,  A.  the  normal  outline, 
given  by  each  cycle  of  flutter  consists  of  a  fairly  rapid  upward  deflection 
ending  in  a  sharp  peak.  This  is  followed  by  a  more  gradual  return,  flattened 
about  half  way  down  the  descent  by  a  brief  pause,  and  ending  in  a  fairly 
sharp  downward  peak.  During  the  attack,  as  the  action  became  slow,  these 
curves  tend  to  become  slightly  irregular,  the  extent  of  the  deflection  is 
reduced,  the  sharp  peaks  become  more  blunt,  and  the  pause  on  the  descending 
arm  becomes  a  low,  secondary,  upward  deflection,  which  at  times  forms 
quite  a  sharp  little  peak  (see  Fig.  5,  C,  and  Fig.  6). 

(6)  The  transition  to  an  abnormal  mechanism.  Following  the  changes 
mentioned  above  there  is  an  alteration  in  the  mechanism  of  the  auricular 
beat.  When,  as  in  the  type  of  late  failure,  previous  decrease  in  rate  and 
extent  of  deflection  have  been  marked,  these  later  appear  to  lead  up 
steadily  to  the  change  in  mechanism,  but  in  all  the  later  grams  of  early 
failure  type  the  transition  is  comjiaratively  abrupt. 

(c)  The  phase  of  almormal  action.  The  appearances  seen  during  this 
phase  vary  so  much  in  different  attacks,  and  at  different  times  during  the 
same  attack,  that  it  is  impossible  to  describe  one  as  more  characteristic  than 
another.  The  most  usual  event  may  be  described  as  a  mixture  of  the 
following  : — 

(1)  The  auricle  jnay  remain  completely  inactive  for  short  periods. 
Short  intervals  lasting  three  or  four  seconds,  w  ithout  any  sign  of  an  aurictilar 
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activity  arc  not  rare,  and  more  prolonged  periods  may  occur.  In  gram  .5 
the  appearances  indicate  that  the  auricle  was  completelj?  silent  for 
the  last  13  seconds  of  the  attack,  and  for  the  first  four  seconds  after  the 
attack  ended  (see  Fig.  4),  a  total  of  17  seconds  in  all ;  and  again  in  gram  fi 
it  would  appear  that  a  similar  period  of  15  seconds  of  complete  auricular 
inactivity  occurred  at  the  end  of  the  attack.  Certain  low  bliint  deflections 
which  occur  duiing  these  periods  I  believe  to  be  due  to  respiration,  firstly, 
because  thej-  are  unhke  the  deflections  caused  bj'  any  cardiac  event,  and, 
secondly,  because  they  can  be  traced  out  as  numbers  of  a  series  which  con- 
tinues throughout  the  whole  period  of  ventricular  silence.  This  series  shows 
a  steady  increase  in  rate,  and  is  aboUshed  when  the  attack  ends,  thus 
corresponding  exactly  with  the  respiratory  events  of  the  attacks  as  recorded 
in  the  clinical  description  above. 

(2)  Short  periods  may  occur  in  which  the  auricle  seems  to  resume  slow 
action  initiated  from  a  focus  at,  or  near,  the  normal  site.  When  this  occurs, 
the  rate,  as  compared  >vith  the  previous  normal,  is  always  much  reduced, 
and  the  deflections,  though  upright,  are  of  low  amplitude.  In  gram  10  an 
interesting  instance  of  this  type  occurred  in  which  the  rate  averaged  50  per 
minute,  but  showed  alternate  long  (1-24  seconds)  and  short  (104  seconds) 
cycles.   . 

(3)  Similar  short  periods  may  occur  in  which  the  auricle  gives  a  series 
of  contractions  initiated  from  an  obviously  ectopic  focus.  An  example  of 
this  mechanism  is  seen  in  Fig.  3  (gram  17).  In  the  attack  from  which  this 
is  taken  the  normal  mechanism  failed  at  the  end  of  15  seconds.  The  ectopic 
rhythm  commenced  three  seconds  later  and  persisted  for  37  seconds,  when 
the  gram  ended,  so  that  it  could  not  be  followed  further.  During  the  first 
20  seconds  of  this  ectopic  rhythm  the  rate  slowed  steadily  from  86  to  52  per 
minute,  but  in  the  ensuing  10  seconds  it  quickened  again  to  86.  The 
persistence  of  any  single  ty2)e  of  rliythm  for  as  long  a  period  as  this  was 
distinctly  unusual. 

(4)  Complete  irregularity  of  the  auricle,  both  as  regards  time  and  type 
of  complex  seen,  is  perhaps  the  most  common  event  during  the  phase  of 
abnormal  action  (see  Fig.  2).  At  irregular  intervals  slight  deflections 
occur,  some  of  which  imitate  the  normal  in  that  they  are  upright,  while 
others  copy  the  ectopic  type  by  being  inverted.  The  impression  given  is 
that  of  an  auricle  contracting  in  response  to  anj'  focus  which  can  muster 
sufficient  energy  to  produce  a  stimulus. 

(d)  The  recmery  of  the  auricle.  When  the  ventricle  starts  to  beat  again 
the  auricle  recovers  and  resumes  normal  action  almost  at  once.  Usually 
the  first  ventricular  contraction  is  followed  by  one  of  two  irregularly  spaced 
auricular  beats  from  an  ectopic  focus,  but  then,  on  the  average  wdthin 
4-5  seconds  of  the  end  of  the  attack,  the  first  of  a  series  of  normal  auricular 
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contractions  occurs.  This  series  begins  at  a  slow  rate  (average  95  per  minute) 
but  quickens  steadily  and  rapidly.  Recovery  of  the  deflection's  amplitude 
begins  at  once  and  is  very  rapid,  being  accomplished  within  a  few  beats 
(see  Fig.  1).  Even  a  single  isolated  contraction  on  the  part  of  the  ventricle 
can  succeed  in  restoring  the  auricle.  Thus  in  gram  5  (see  Fig.  4)  an  isolated 
ventricular  contraction,  which  occurred  after  63-5  seconds  of  silence,  was 
followed  by  a  further  10  seconds  of  silence.  Though  the  auricle  had  been 
completely  out  of  action  for  13  seconds  before  this  ventricular  beat,  two 
ectopic  auricular  beats  occurred  within  3  seconds  after  it,  and  the  normal 
auricular  mechanism  was  restored  before  a  second  ventricular  contraction 
occurred. 

Similar  indications  of  auricular  recovery  at  the  end  of  the  attack  were 
also  seen  when  flutter  was  present.  Fig.  6  illustrates  the  end  of  the  attack 
which  preceded  that  registered  in  gram  16.  During  the  attack,  the  lengtli 
of  which  is  not  known,  the  flutter  rate  had  fallen  to  168  per  minute,  and  the 
deflections  were  reduced  as  shown,  but  within  six  seconds  of  the  termination 
of  the  attack  the  character  of  the  deflections  recovered  and  the  rate  was 
restored  to  250  per  minute.  At  the  end  of  the  attack  registered  in  gram  16 
the  flutter  rate  recovered  from  165  jjer  minute  to  214  i)er  minute  in  4  seconds, 
but  further  progress  could  not  be  followed  as  the  gram  ends. 

As  with  the  normal  mechanism,  so  also  in  flutter,  recovery  of  the 
previous  character  may  be  affected  by  a  single  isolated  contraction  of  the 
ventricle.  For  instance,  in  gram  15  (see  Fig.  7)  after  36-2  seconds  of 
ventricidar  silence,  a  single  contraction  occurred,  followed  by  a  further  period 
of  silence  of  at  least  8  seconds'  duration.  The  total  duration  is  unknown 
because  at  this  point  movement  of  the  patient  interrupted  the  gram. 
Within  5  seconds  of  this  single  ventricular  contraction,  however,  the  flutter 
rate  had  recovered  from  187  per  minute  to  230  per  minute,  the  extent  of 
deflection  improving  with  the  rate. 


Conclusions. 

The  records  obtained  in  this  case  show  that  the  auricles  were  profoundly 
affected  during  prolonged  periods  of  ventricular  inactivity,  and  tlieir  reaction 
to  the  total  cessation  of  circulation  may  be  summed  up  as  follows  : — 

After  a  brief  preliminary  period  of  quickening  the  auricles  begin  to  give 
evidence  of  exhaustion  by  a  steady  diminution  of  rate,  with  this  there  is  a 
decrease  in  amplitude  of  deflection.  Sooner  or  later  the  normal  contractions 
cease,  their  place  being  taken  by  irregular  contractions,  or  attempts  at 
contraction,  emanating  from  various  foci.  These  are  interspersed  between 
attempts  to  establish  a  regular  but  slow  rhythm,  the  stimuli  for  which  may 
arise  at  the  normal  site,  or  near  it,  or  from  some  frankly  ectopic  focus. 
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Finally,  there  may  be  periods  during  whieli  the  am-iele  is  coin^jletely  silent, 
h'ing  idle  and  not  attempting  to  contract.  On  the  resumption  of  ventricular 
activity^  however,  even  though  it  be  a  single  isolated  beat,  there  is  a 
conspicuous  and  rapid  recovery  on  the  part  of  the  auricle.  Finally,  even 
when  the  auricles  were  in  a  state  of  flutter,  similar  tendencies  were  seen. 
The  flutter  mechanism  was  not  abolished  but  it  appeared  to  be  progressive!}' 
depressed,  and,  like  the  normal  mechanism,  showed  rapid  restoration  as  the 
immediate  result  of  the  resumption  of  ventricular  activity. 
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NOTES    ON    THE    EFFECTS    OF    QUINIDINE    UPON    PAROXYSMS 
OF   TACHYCARDIA.* 

By  C.  C.  ILIESCU  and  A.  SEBASTIANI. 
{Cardiac  Department,  University  College  Hospital  Medical  School.) 


SiN'GER  AND  WiNTERBERG^,  in  a  fccent  paper,  report  a  series  of  nine  eases 
of  jiaroxysmal  tachycardia,  including  one  case  of  ventricular  tachycardia  and 
eight  of  auricular  tachycardia.  Long  paroxysms  of  rapid  heart  action  in 
these  patients  were  treated-  with  single  doses  of  quinine  bihydrochloride 
given  intravenously. f  The  doses  used  were  0-4,  0-5  and  0-75  of  a  gramme, 
the  most  usual  dose  being  0-5  of  a  gramme.  In  six  of  the  reported  cases  the 
paroxysmal  attack  was  brought  to  an  end  by  this  treatment  witliin  a  few 
seconds  or  at  the  most  ten  minutes  after  the  injection.  Four  cases  in  which 
the  paroxysmal  attack  was  stopped  showed  a  slo\ving  in  the  heart  rate 
before  the  resumjjtion  of  the  normal  mechanism.  The  rates  of  heart  beat 
in  these  four  cases,  before  and  after  the  injection  and  at  the  resumption  of 
the  normal  heart  rhythm,  were  : — 


Case. 

Before. 

After. 

Fall. 

1 

249 

198 

51 

2 

(   180 
\   176 

150 
107 

30 
9 

3 

180 

144 

36 

4 

/  24.5 

200 

45 

nil 

The  fall  of  the  rate  thus  varied  between  9  and  51  beats  per  minute. 
( )f  the  other  two  cases  successfully  treated,  the  one  manifested  a  preliminary 
rise  of  heart  rate  of  30  beats  per  minute,  the  other  presented  no  change  of 
rate  until  the  normal  rhythm  was  resumed  abruptly.  In  the  three  cases 
unsuccessfully  treated  no  change  of  heart  rate  was  noticed. 

*  Observations  undertaken  on  behalf  of  the  Medical  Research  Council. 

t  Only  one  case  was  treated,  and  this  case  unsuccessfully,  by  means  of  quinidine  given  by 
the  mouth. 
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Parkinson  and  Nicholl^  treated  six  cases  of  paroxysmal  tachycardia, 
comprised  by  one  case  of  ventricular  tachycardia  and  five  of  auricular 
tachycardia  with  quinidine  given  by  the  mouth,  the  doses  varjdng  from  5 
to  40  grains  per  day,  and  found  that  in  four  cases  the  incidence  of  the  attacks 
was  uninfluenced,  and  in  two  cases  their  frequency  was  diminished,  but 
only  for  three  days.  Scott*  has  noticed,  in  repeated  observations,  in  a  case 
of  short  and  repeated  attacks  of  paroxysmal  tachycardia  of  ventricular 
origin,  that  a  single  dose  of  0-4  of  a  gramme  of  quinidine  administered  by 
the  mouth  invariably  freed  the  heart  from  paroxysmal  attacks  within  30  to 
60  minutes  of  the  dose's  administration.  A  dose  of  0-6  of  a  gramme  of 
quinidine,  reduced  subsequently  to  0-2  daily,  kept  the  patient  free  of  the 
attacks  for  a  period  of  six  months  ;  the  drug  being  stopped,  the  disturbances 
reappeared  and  a  new  daily  treatment  of  quinidine  again  abolished  the 
attacks,  clearly  showing  the  control  which  quinitUne  had  upon  the  tachy- 
cardia. Scott  noticed  that  under  the  influence  of  quinidine  the  first  beats 
of  the  paroxysm  were  less  premature  than  in  the  uninfluenced  heart. 

We  have  had  under  our  observation  two  cases  of  paroxysmal  tachycardia, 
both  of  which  were  of  auricular  origin.  The  first  case  was  that  of  a  woman 
of  35  years,  who  had  attacks  of  auricular  tachycardia  lasting  from  12  to  24 
hours  at  intervals  of  2  or  3  weeks.  The  first  attack,  experienced  after 
admission  to  hosjiital,  was  stopped  by  pressure  on  the  right  vagus.  Two 
weeks  later  she  had  another  attack,  which  began  at  1  p.m.  At  3.40  p.m.  a 
single  dose  of  0-4  of  a  gramme  of  quinidine  was  administered  by  the  mouth. 
At  20  minute  intervals  electrocardiographic  records  were  taken  until  6.35 
p.m.,  and  no  material  modification  of  the  heart  rate  was  noticed,  the  rate 
varying  between  164  to  170  beats  per  minute.  At  midnight,  during  the  stage 
of  recovery  fi"om  quinidine,  the  attack  ended. 

The  second  case  observed  manifested  what  is  evidently  a  somewhat 
unusual  behaviour  towards  quinidine.  The  patient,  a  man  of  24  years, 
came  to  the  out-patient  department  on  October  the  30th,  complaining  of 
palpitation  and  giddiness  experienced  during  rest  and  exercise,  which 
prevented  him  from  carrying  on  liis  usual  occupation  of  engineer  and  from 
resting  at  night.  These  symi^toms  had  been  present  for  nearly  three  years, 
and  treatment  at  various  hospitals  had  given  him  no  relief.  The  electro- 
cardiogram taken  on  the  first  day  of  observation  showed  short  attacks  of 
6  to  8  beats  of  jjaroxysmal  tachycardia  of  auricular  origin,  each  followed 
by  a  long  post-paroxysmal  pause.  A  single  normal  beat  followed  and  was 
at  once  followed  by  a  further  paroxysm.  The  rate  of  the  heart  in  these 
paroxysms  was  1 64  beats  per  minute. 

Admitted  to  hospital  on  November  the  1st,  he  i^resented  an  identical 
disorder  of  the  heart  beat.  After  preliminary  doses  of  0-2  and  0-4  of  a  gramme 
of  quinidine  the  patient  was  re-examined  on  the  8th  of  November.  After 
lying  at  rest  for  three-quarters  of  an  hour,  two  electrocardiograms  (lead  77) 
were  taken  at  30  minute  intervals.  These  two  records  were  exactly  .similar 
to  tlie  first  record  taken  on  October  the  30th,  and  showed  short  attacks  of 
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tachj'cardia  of  4  to  11  beats,  each  followed  l)_y  a  long  post-paroxysmal  pause 
and  a  single  normal  beat.  At  11.55  a.m.,  a  single  dose  of  0-5  of  a  gramme 
of  quinidine*  was  administered  and  electrocardiograms  were  taken  until 
1.30  p.m.  Half-an-hour  after  the  administration  of  the  drug  it  was  noticed 
that  the  paroxysms  tended  to  become  longer  a'nd  their  rate  to  decrease. 
At  1.10  p.m.  the  attack  of  tachycardia  exceeded  42  beats,  and  the  rate,  which 
before  the  quinidine  administration  was  193,  had  fallen  to  103  beats  per 
minute,  thus  sho\ving  a  decline  of  90  beats  per  minute.  At  1.20  p.m.  the 
attacks  began  to  shorten  and  in  the  pauses  between  them  1,  2  or  even  3 
normal  beats  appeared  ;  the  rate  still  continued  to  decUne,  however,  and 
reached  92  beats  per  minute.  At  1.30  the  rate  was  87  beats  per  minute 
and  the  electrocardiographic  records  were  stopped  before  a  continuous 
iiormal  rhythm  was  resumed  (Table  I). 

On  November  the  15th  the  patient  was  again  investigated,  having  had 
no  quinidine  in  the  interval.  On  this  occasion  0-6  of  a  gramme  of  quinidine 
was  given.  Table  II  shows  the  events  of  Table  I  to  be  repeated.  The 
attacks  of  tachj'cardia,  which  before  the  administration  of  the  drug  were  of 
from  2  to  9  beats,  lengthened  until  80  minutes  after  the  taking  of  the  drug 
a  continuous  tachycardia  became  estabhshed  which  lasted  20  minutes. 
At  4.55  p.m.,  128  minutes  after  the  drug  was  given,  the  normal  rhythm  was 
resumed  (Fig.  3,  B).  Hand  in  hand  with  the  lengthening  of  the  paroxysmal 
attacks,  a  progressive  decrease  in  their  rate  was  noticed  ;  the  initial  rate 
was  in  the  average  ISO  beats  per  minute  ;  by  4.35  (Fig.  3,  ^4)  it  haddroi^ped 
to  114  beats  per  minute,  thus  showing  a  fall  of  66  beats  per  minute.  The 
normal  rhythm  was  resumed  at  a  rate  of  82  beats  per  minute  and  was 
maintained  with  very  small  variations  of  rate  for  95  minutes  ;  during  the 
first  20  minutes  it  was  interrupted  by  occasional  extras^'stoles  arising  from 
the  same  source  as  the  paroxysms.  On  the  next  A&y  the  usual  mechanism 
of  short  rapid  paroxysms  had  returned. 

On  December  the  23rd  a  single  dose  of  OG  of  a  gramme  of  quinidine  was 
given  at  10.10  a.m..  On  this  occasion  the  effect  of  the  drug  was  a  Uttle  more 
delayed  than  usual.  At  10.30  a.m.,  20  minutes  after  the  drug  was  given 
(Fig.  1,  a),  the  rate  (158  beats  per  irdnute)  and  length  of  the  attacks  were 
practically  unchanged.  At  11.30  (Fig.  1,  b),  80  minutes  after  the  adminis- 
tration of  quinidine,  the  rate  of  the  attacks  was  157  and  their  length  also 
remained  practically  unchanged.  Twenty  minutes  later  the  effect  of  the 
drug  was  manifested  by  the  lengthening  of  the  attacks  and  by  the  fall  in 
rate,  which  reached  150  beats  per  minute.  At  12.10,  120  minutes  after  the 
drug  w'as  given  (Fig.  1,  c),  the  attacks  varied  in  length  from  22  to  26  beats 
and  the  rate  had  fallen  to  117.  From  12.40  to  12.58  the  attack  of  tachycardia 
was  continuous.  The  last  paroxysmal  rate  observed  was  83  beats  per 
minute  ;  the  normal  rhythm  was  resumed  at  a  rate  of  79  beats  per  minute 
at  1.7  p.m.  (Fig.  1,  e).     In  this  and  the  remaining  curves  the  shape  of  the 

♦  Pure  dried  base  containing  no  more  than  0-5  per  cent,  impurities. 
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normal  P  deflection  and  the  P'  deflection  of  the  paroxysm  are  distinctive, 
though  in  records  taken  at  a  rehitively  slow  speed,  the  differences  in  shape 
are  only  clear  if  the  curves  are  closely  examined.  They  are  much  easier 
to  see  in  curves  taken  upon  paper  which  is  traveUing  faster  (as  in  Fig.  3). 
In  these  it  is  easy  to  appreciate  that  the  normal  P  has  a  sharper  upstroke, 
while  the  P'  wave  of  the  paroxysm  and  of  isolated  extrasystoles  has  a  slower 
upstroke  and  a  double  summit.  At  1.40  p.m.  the  normal  rhythm  was  again 
interrupted  by  attacks  of  tachycardia,  the  rate  of  which  did  not  exceed 
85  beats  per  minute.  Until  4.10  p.m.  the  paroxysmal  rate  slowly  accelerated  ; 
it  had  then  reached  a  rate  of  94  beats  per  minute.  During  this  time  the 
length  of  the  paroxysms  varied  from  2  to  30  beats,  the  paroxysms  alternating 
with  1,  2  or  3  normal  beats.  At  4.40  p.m.  the  record  started  with  a  long 
run  of  28  normal  beats  at  a  rate  of  90  beats  per  minute,  followed  by  a 
paroxysm  exceeding  81  beats,  whose  rate  was  120  to  the  minute.  From  4.40 
till  5.32  p.m.  there  was  a  sUght  decrease  in  the  rate  of  the  paroxysm  from 
120  to  90  beats  per  minute.  ImmecUately  afterwards  the  rate  began  rising 
again,  and  at  6.35,  when  the  last  record  was  taken,  it  had  reached  115  beats 
per  minute. 

The  electrocardiogram  taken  next  morning  at  10.25  showed  short 
paroxysms  of  from  6  to  10  beats,  at  a  rate  of  162  beats  per  minute. 

The  paroxysmal  attacks  in  this  patient  were  unusual  in  another  respect, 
namely,  in  their  reaction  to  exercise.  If  the  patient  Ufted  himself  by  placing 
his  foot  on  a  chair  and  standing  up  on  the  chair  20  to  30  times  on  each  foot, 
the  invariable  reaction  was  a  disappearance  of  the  paroxysms.  At  the  end 
of  such  exercise  the  normal  rhythm  was  always  seen,  its  rate  averaging  120 
beats  per  minute.  It  fell  in  a  usual  period  of  3  to  15  minutes  to  an  average 
rate  of  100  per  minute.  The  first  paroxysm  then  started  abruptly  at  a  rate 
of  175  to  160  per  minute.  At  first  the  paroxysm  would  be  relatively  long, 
being  separated  by  the  usual  pause  and  single  normal  beat  ;  after  a  time  it 
would  become  shorter  until  the  original  mechanism  was  restored.  This 
observation  was  made  repeatedly  on  a  number  of  occasions. 

Discusgion. 
The  most  constant  effect  of  pure  quinidine  administration  in  cases  of 
auricular  fibrillation  is  to  lower  the  rate  of  the  auricular  oscillations.  This 
effect  appears  to  be  invariable,  provided  that  the  dose  of  alkaloid  is  adequate. 
Similar  effects  are  noted  with  commercial  preparations  of  quinine.  In  so 
far  as  observations  have  been  made  upon  auricular  flutter,  a  similar,  though 
less  intense,  action  has  been  seen.  This  slowing  of  rate  in  auricular  fibrillation 
and  flutter  has  been  explained  on  the  basis  of  the  theory  that  these  two 
disorders  of  the  heart  beat  are  due  to  simple  forms  of  circus  movement 
in  the  auricle,  and  the  explanation  appears  in  these  instances  to  be  adequate. 
It  is  now  clear  that  cinchona  alkaloids  are  capable  of  slowing  a  heart  which 
is  affected  by  what  has  been  termed  simi^lc  paroxysmal  tachycardia.  The 
action  cannot  as  yet  be  stated  to  be  constant,  at  it  failed  to  appear  in  two 
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of  Singer  and  \yiiiterberg's  cases  and  in  the  first  case  here  recorded.  It  is 
possible  that  the  reaction  would  be  constant,  providing  the  doses  of  the 
drug  used  were  increased.  In  this  connection  it  is  to  be  pointed  out  that 
when  a  test  dose  of  quinidine  is  given  in  cases  of  flutter,  the  slowing  produced 
is  far  less  than  that  j-ielded  by  an  equal  dose  given  to  a  case  of  fibrillation. 
It  may  be  that  the  usual  effect  of  cinchona  alkaloids  upon  paroxysmal 
tachycardia  differs  only  quantitatively  from  that  produced  upon  fibrillation 
and  flutter,  and  that  the  degree  of  fall  is  governed  by  the  original  rate  of 
auricular  beating.  The  preHminary  slowing  of  paroxysmal  tachycardia  and 
subsequent  and  abrupt  transition  to  normal  rhythm  ob.served  in  most  of 
Singer  and  Winterberg's  cases,  suggests,  though  it  by  no  means  proves,  that 
paroxysmal  tachycardia  may  depend  essentially  upon  circus  movement, 
as  do  flutter  and  fibrillation. 


Time. 

Paroxysms  of  : 

Rate. 

11.0 

5  to  9  beats 

193 

11.30 

4  to  11  beats 

194 

11.55 
12.25 

Quinidine  0-5  of  a  gramme 
7  to  14  beats 

180 

12.43 

18  to  24  beats 

170 

1.0 

Over  58  beats 

140 

1.10 

Over  42  beats 

103 

1.20 

7  to  9  beats,  followed  by  1,  2,  or  3  nor- 
mal beats 

92 

l.:!(:i 

7  beats,  followed  by  1  or  2  normal  beats 

ST 

TABLE   II. 

Time. 

Paroxysms  of  : 

Rate. 

2.10 

6  to  8  beats 

181 

2.15 

6  to  10  beats 

ISO 

2.30 

4  to  9  beats 

181 

2.40 

4  to  9  beats 

180 

2.45 

2  to  9  beats 

179 

2.47 
3.30 

Quinidine  0-6  of  a  gramme 
8  to  17  beats 

1G4 

3.50 

45  to  62  beats 

142 

4.5 

Over  109  beats 

140 

4.10 

, 

132 

4.15 

130 

4.20 
4.25 

V- Continuous  tachveardia 

123 

124 

4.30 

J                                 ■                                                 [ 

114 

4.35 

114 

4.55 

A'crmal    rhythm,    interrupted    by     isolated 

82 

5.0 

extrasystulcs 
Normal     rhythm,    interrupted    by     isolated 

77 

5.35 

extroJiy&toles 
Normal  rhythm 

78 

6.0 
6.30 

Normal  rhythm 
Normal  rhythm 

82 
SI 
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Time. 

Paroxj  sras  of  : 

Rate. 

9.30 

2  to  5  beats 

164 

9.40 

2  to  7  beats 

160 

9.50 

2  to  6  beats 

163 

10.0 

2  to  3  beats 

166 

10.5 

2  to  6  beats 

161 

10.10 

Quinidine  00  of  a  grainme 

10.30 

2  to  7  beats 

158 

10.50 

3  to  8  beats 

159 

11.10 

2  to  7  beats 

159 

11.30 

4  to  7  beats 

157 

11.. 50 

3  to  10  beats 

150 

12.0 

3  to  40  beats 

142 

12.10 

22  to  26  beats 

117 

12.15 

Over  29  beats 

115 

12.20 

Over  40  beats 

112 

12.25 

Over  35  beats 

112 

12.30 

Over  40  beats 

108 

12.35 

Over  40  beats 

99 

12.40 

Over  116  beats 

94 

12.45 

■ 

94 

12.48 
12.50 

•  Continuous  tacliyeardia 

90 

88 

12..55 

( 

85 

12.58 

Over    60    boats,   followed  by 
normal  beats 

one  or  two 

83 

1.7 

Normal  rhythm,    interrupted 
extrasystoles 

by    isolated 

79 

1.40 

Over  20  beats 

85 

2.10 

Over  30  beats 

82 

2.40 

10  beats 

82 

3.10 

7    to   21    beats,  followed   by 
normal  beats 

one   or  two 

90 

3.40 

7   to   30  beats,  followed   by 
normal  beats 

one   or    two 

90 

4.10 

10  to  27   beats,  followed  by 
normal  beats 

one  or    two 

94 

4.40 

28  normal  beats,  followed  by  8 

beats 
Over  15  beats 

paroxj'smal 

120 

4.48 

100 

4.58 

3  to  15  beats 

100 

5.7 

Over  40  beats 

90 

5.32 

Over  43  beats 

90 

5.50 

Over  45  beats 

103 

6.10 

Over  29  boats 

110 

6.35 

2  to  50  beats,  followed  by  2,  3 
beats 

or  4  normal 

115 

10.25  a.m. 

6  to  10  beats,  followed  by  2,3 

or  4  normal 

162 

next  day 

beats 
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The  case  which  is  recorded  in  detail  in  this  article  differs  from  those 
previonsly  recorded  in  that  the  slowing  of  rate  is  continuous  and  progressive 
until  a  rate  closely  approaching  the  potential  rate  of  the  sino-auricular 
node  is  reached.  Then  the  normal  rhj'thm  is  resumed  and  continues  until, 
as  the  effects  of  the  drug  wear  off,  the  abnormal  beating  reasserts  itself. 
It  appears  to  us  to  be  most  improbable  that  the  paroxysm  of  tachycardia 
in  this  patient  was  dependent  upon  circus  movement ;  the  length  of  the 
slowest  paroxysmal  cycles,  namely,  0-72  of  a  second,  seems  to  place  such 
an  explanation  altogether  out  of  court.  But  if  this  profound  slowing  to 
the  rate  of  the  normal  rhythm  in  the  same  case  places  circus  movement 
out  of  court,  it  does  so  for  this  particular  patient  and  not  for  cases  of 
paroxysmal  tachycardia  generally.  The  fact  that  in  most  such  cases  the 
transition  from  paroxysmal  to  normal  rhythm  is  abrupt,  and  accomjaanied 
by  an  instant  and  profound  fall  of  rate,  may  indicate  that  the  tachycardia 
in  our  own  case,  in  which  different  phenomena  are  witne.ssed,  is  of  an  unusual 
and  distinct  type.  A  distinction  also  seems  to  be  indicated  by  the  unusual 
reaction  of  the  mechanism- to  exercise. 

In  regard  to  further  possible  explanations  of  why  cinchona  alkaloids 
are  capable  of  terminating  paroxysmal  tachycardia,  we  have  no  suggestions 
to  add  to  those  offered  by  Scott, ^  and  agree  mth  him  that  until  further 
data  are  collected,  such  discussion  must  remain  hy^aothetical.  His  chief 
suggestion  was  that  quinidine,  by  lengthening  the  refractory  period  of 
the  ventricle,  renders  the  appearance  of  early  premature  beats  impossible 
in  this  chamber,  and  that  the  abolition  of  tachycardia  is  dependent  upon 
a  similar  influence.  His  reason  for  hesitating  to  conclude  definitely  that 
quinidine  lengthens  the  refractory  period  of  the  ventricle — he  was  deaHng 
with  ventricular  paroxysms — has  since  been  removed  by  the  direct 
observations  of  Druryi  and  his  collaborators. 


Summary. 

An  instance  of  frequent  short  paroxysms  of  tachycardia  is  recorded 
in  which  single  doses  of  quinidine  exerted  the  following  constant  effects. 
The  rate  of  beating  was  reduced,  while  the  paroxysms  Ijecame  of  longer 
duration  and  eventually  continuous  ;  the  fall  of  rate  proceeded  until  the 
paroxysmal  rate  approached  closely  to  that  of  the  normal  rhythm  in  the 
same  heart ;  the  normal  rhythm  was  then  resumed.  During  the  escape 
of  the  heart  from  the  influence  of  quinidine  the  events  occurred  in  the  reverse 
order. 

The  disordered  mechanism  manifested  an  unusual  reaction  to  exercise, 
the  latter  producing  an  invariable,  though  temporary,  return  to  the  normal 
rhvthm. 
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THE  VELOCITY   OF  THE  PULSE   WAVE   IN   MAN   IN   RELATION 

TO   AGE   AS   MEASURED   BY   THE   HOT-WIRE 

SPHYGMOGRAPH. 

By  J.  CRIGHTON  BRAMWELL,*  A.  V.  HILL  and  B.  A.  McSWINEY. 

{Fro)n  the  Physiological  Laboralory  and  the  Royal  Injirmary,  Manchester.) 

I.   Instruments. 

A  HOT-wiEE  as  a  sensitive  detector  of  air  movement  has  been  employed 
for  some  years,  preliminary  experiments  on  the  use  of  a  platinum  wire 
heated  by  an  electiic  current,  for  the  measurement  of  wind  velocity,  having 
been  made  by  G.  A.  Shakespeare  in  1902.  A  full  account  of  the  employ- 
ment of  a  "hot-wire  anemometer"  has  been  given  by  L.  V.  King** "'"^ ''. 
In  1915  P.  de  Lange^"  described  a  "  Thermoi^hone,"  an  instrument 
consisting  of  24  fine  platinum  wires  kept  in  a  confined  space,  which,  on 
being  heated  by  the  current  from  a  microphone,  caused  the  contained  air 
to  expand  in  time  with  sound  waves  reaching  the  microphone,  and  so  acted 
as  a  receiver.  In  1916  Tucker  patented  the  converse  of  this  instrument, 
viz.,  the  hot-wire  microphone,  which  was  used  for  gun-sound-ranging  during 
the  war,  and  remained  secret  until  the  publication  of  an  account  of  it  in 
li>2U^.  A  preliminary  description  has  been  given  by  one  of  us'"""'', 
of  the  use  of  a  hot-wire  sphygmograph,  and  Heald  and  Tucker^  have 
described  experiments  in  which  the  hot-wire  microphone  has  been  used-  to 
record  the  "  body  rebound  "  caused  by  the  heart  beat. 

(a)  Method  eynjployed.  If  a  fine  platinum  wire  (11  micron  wire  obtainable 
from  Messrs.  Johnson  and  Matthey)  be  connected  by  coi:)iwr  leads  to  a 
battery,  and  the  current  adjusted  to  make  the  wire  red-hot,  then  on  blowing 
on  it,  it  will  be  seen  to  flicker  like  a  match  in  the  wind.  The  relatively 
enormous  surface  (3,600  sq.  cm.  per  c.c.  of  metal)  enables  cooling  to  go  oh 
very  rapidl}',  and  even  small  puffs  of  air  cause  a  considerable  fall  of 
temperature   in    the    wire.      Such    cooling   produces    changes    of   electrical 
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resistance,  whicli  can  be  recorded  by  means  of  a  rapidly  moving  galvano- 
meter. Three  ways  of  doing  so  are  shown  in  Fig.  1.  In  (1)  the  method  is 
that  of  the  Wheatstone  bridge,  the  balance  being  upset  by  the  cooUng  of 
the  wire  and  consequently  a  current  running  in  the  galvanometer.  In  (2) 
a  condenser  (10  to  40  microfarads)  is  put  in  series  with  the  galvanometer. 
The  variations  in  the  resistance  of  the  hot  wire  produce  variations  in  the 


(^"^(m^K-^ 


li  ) 


Fig.  1.  Diagrams  to  illustrate  different  ways  in  which  hot  wire  may  be  employed.  B  =  battery  j 
G=string  galvanometer;  H.W.  =  hot  wire;  C  =  condenser  ;  R,  Rj,  etc.  =  resistances ; 
P  =  primary  ;    S  =  secondary  of  transformer. 

E.M.F.  between  its  ends,  and  so  cause  currents  to  flow  in  the  galvanometer. 
In  (3)  the  fluctuations  of  the  current  in  the  primary,  due  to  changes  of 
resistance  of  the  hot  wire,  induce  in  the  secondary  of  the  transformer 
currents,  which  are  recorded  on  the  galvanometer.  In  the  experiments 
described  in  this  paper  we  have  uniformly  adopted  the  Wheatstone  bridge 
method,  as  being  more  suitable  to  the  relatively  slow  fluctuations  occurring 
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in  the  pulse,  and  as  giving  naore  accurate  quantitative  results.     For  many 
purposes,  however,  the  simpler  methods  (2)  and  (3)  are  adequate. 

By  placing  a  suitable  receiver,  either  a  funnel,  a  hollow  rubber  bandage, 
or  a  tambour,  over  an  artery,  and  connecting  the  receiver  to  a  tube, 
pulsations  of  the  air,  in  time  with  the  pulsations  of  the  vessel,  will  be  caused 
in  the  tube.  Such  pulsations  will  be  propagated  along  the  tube  with  the 
velocity  of  soimd,  say  280  metres  per  second,*  at  15°C.  If,  now,  a  suitable 
carrier,  containing  a  hot  wire,  be  placed  in  the  tube,  the  pulsations  of  the  air 
will  be  recorded  on  the  galvanometer. 

(6)  The  hot  icire.  The  first  instrument  of  the  kind  which  we  employed 
was  constructed  by  the  Cambridge  and  Paul  Instrument  Company.  It 
contained  10  micron  copper  wire,  which  was  apt  to  burn  out,  and  owing 
to  the  construction  of  the  instrument  was  difficult  to  replace.  It  has, 
therefore,  been  redesigned,  and  the  present  pattern  (Fig.   2)  is  simple  in 
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Fig.  2.     Hot  wire  container. 

construction,  and  allows  the  wire  to  be  replaced  easily  if  it  burns  out.  As 
a  matter  of  fact  this  rarely  happens.  Its  design  is  largely  due  to  Mr.  A.  C. 
Downing,  of  the  Phy-siological  Laboratory.  We  have  found  11  micron 
platinum  the  most  satisfactory  wire  to  use,  a  little  spiral  of  about  30  ohms 
resistance  passing  through  a  hole  in  the  vulcanite,  and  being  soldered  to 
the  two  brass  rings  at  the  ends.  We  have  tried  a  variety  of  other  wires, 
platinum  of  different  diameters,  copper  and  silver.  The  last  two  are  apt 
to  biu-n  out,  and  appear  to  give  less  sharply  defined  records  than  does 


*  The  velocity  of  sound  in  a  narrow  pipe  is  appreciably  less  than  in  tlie  open  air.      See  below. 
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platinum.  Thicker  platinum  will  respond  more  slowly,  thinner  platinum 
(7  micron)  will  respond  slightly  more  rapidly  ;  no  real  advantage  is  gained, 
however,  by  using  thinner  wire,  since  the  11  micron  wire  seems  to  react 
quickly  enough  for  all  j^urj^oses,  and  wire  thinner  than  11  micron  is  difficult 
to  manipulate. 

(c)  Galvanometer  and  bridge.  The  galvanometer  was  the  ordinary 
electrocardiograph  outfit  of  the  Cambridge  and  Paul  Instrument  Company, 
using  a  plate,  or  a  paper,  camera.  We  have  usually  employed  a  metal 
(12  micron  cojijDer)  string  in  the  galvanometer,  which,  having  a  low 
resistance,  is  more  suitable  for  use  with  a  low  resistance  circuit  :  it  gives 
sharper  records,  and  is  also  more  easy  to  mend  if  broken.  Glass  strings, 
however,  give  satisfactory  results.  In  most  of  our  observations  the 
"  eyepiece "  was  not  used  :  this  diminishes  the  magnification  to  about 
75  diameters,  and  so  reduces  the  sensitivity.  Ample  sensitivity,  however, 
is  available,  and  without  the  eyepiece  more  light  and  neater  records  are 
obtained.  In  most  cases  the  deflections  are  so  large  that  the  string  can  be 
used  very  tight.  A  string  with  a  complete  period  of  0  003  of  a  second  is 
more  than  sufficiently  sensitive. 

We  have  employed  also  the  small  Salomonson  string  galvanometer, 
manufactured  by  the  Cambridge  and  Paul  Instrument  Company.  This 
instrument  has  two  copper  strings,  and  can  be  used  with  a  small  pointoUte 
lamp  or  arc  ;  it  is  easily  transportable,  much  cheaper,  and  ajapreciably 
simpler  than  the  ordinary  string  galvanometer  outfit ;  it  has  ample  sensitivity 
and  a  sufficiently  short  jseriod  for  most  purposes.  If  required  it  can  be  used 
in  conjunction  with  the  ordinary  electrocardiograph,  so  that  an  electro- 
cardiogram and  two  hot-wire  records  can  be  obtained  on  the  same  plate. 

On  open  circuit  the  motion  of  the  string  is  imperfectly  damped  ;  when 
a  circuit  carrying  a  current  through  it  is  opened,  a  prolonged  vibration  is 
set  up.  When  short-circuited  through  a  resistance,  the  damping  of  the 
string  is  greater  the  smaller  the  resistance.  The  resistance  between  the 
galvanometer  terminals  of  the  bridge  is  usually  about  30  ohms,  and  with 
this  the  vibrations  of  the  strings  are  about  critically  damped.  The  matter 
of  natural  period  and  damping  is  an  important  one,  for  if  it  be  desired  to 
record  with  quickness  and  certainty  the  rapid  series  of  mechanical  events 
happening  in  the  jiulse,  it  is  necessary  to  employ  a  recording  instrument  of 
short  period  and  preferably  just  damped.  The  galvanometer,  as  employed, 
having  a  natural  period  of  about  0-003  of  a  second,  is  capable  of  following  very 
rapid  changes  without  contamination  with  its  own  mechanical  vibrations, 
and  since  it  is  incaj^able  when  sufficiently  damped,  of  showing  its  own 
vibrations  at  all,  any  oscillations  which  appear  on  the  record  must  be  due 
to  some  external  cause,  and  not  to  the  mechanical  properties  of  the  recording 
instrument.  In  this  respect  it  has  an  advantage  over  other  methods  of 
recording  the  pulse. 
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The  Wheatstone  bridge  employed  was  a  special  one  inade  by  Messrs. 
W.  G.  Pye,  of  Cambridge.  A  dial  resistance  is  provided  for  the  battery 
circuit,  to  enable  adjustments  of  the  current  through  the  platinum  wire  to 
be  made.  Sufficient  current  is  employed  to  heat  the  wire  to  a  temperature 
just  below  red  heat.  A  dial  resistance  is  provided  in  series  with,  and  a  dial 
shunt  for,  the  galvanometer.  A  spiral  ratio  resistance  (with  scales)  forms 
two  arms  of  the  bridge,  a  dial  resistance  the  third  arm,  and  the  hot  wire  the 
fourth.  The  resistance  of  the  third  arm  is  usually  made  about  equal  to  that 
of  the  hot  wire.  Due  precautions  must  be  taken  in  connecting  up,  in  getting 
the  balance,  and  in  manipulating  the  bridge,  in  order  to  avoid  breaking 
the  galvanometer  string.    Three  to  six  accumulators  are  required. 

((/)  Connecting  pipes.  The  pipe  conveying  the  pulsations  from  the 
artery  to  the  hot  wire  should  be  as  short  as  pos.sible,  for  the  following  reason. 
A  pipe  of  length  /,  closed  at  one  end,  acts  as  an  organ  pipe,  and  resonates 
with  a  frequency  of  a/4Z,  where  a  is  the  velocity  of  sound.  The  air,  therefore, 
in  a  pipe  two  metres  iii  length  has  a  natural  frequency  of  oscillation  of 
42*  per  second,  in  a  pipe  one  metre  long  a  frequency  of  85  jier  second.  Hence, 
if  we  wish  to  avoid  contamination  of  oiu"  records  with  vibration  of  the  air 
in  the  pipe,  it  is  necessary  to  use  short  pipes. 

■  A  set  of  records  was  made  by  gently  tapping,  and  so  setting  up 
vibrations  in  the  air  inside,  a  series  of  rubber  pipes  of  different  lengths. 
The  jjipes  consisted  of  pressure  tubing  and  were  3-47,  2-54,  and  1-74  metres 
long  respectively.  The  hot  mre  was  near  the  open  end  of  the  pi^De,  and 
the  other  end  was  closed.  The  fundamental  frequencies"]"  of  these  pipes 
should  be  24-5,  33-5  and  49-0  per  second  respectively.  We  found  by 
measurement  that  the  record  showed  vibrations  at  rather  less  than  double 
these  rates,  viz.,  at  41,  54  and  82  respectively.  These  frequencies  are  exactly 
in  the  inverse  ratios  of  the  length  of  the  pij^es,  as  they  should  be.  The  hot 
wire  we  should  expect  to  respond  twice  to  each  complete  oscillation  of  the 
air,  once  as  the  air  goes  in,  once  as  it  goes  out.  The  reason  why  the 
frequencies  observed  are  not  exactly  double  the  calculated  ones  is  the  narrow 
gauge  of  the  pipe  employed  (about  4  mm.).  It  is  known  that  the  velocity 
of  sound  in  a  nari'ow  pipe  is  less  than  in  a  wide  one,  and  in  the  pipes 
employed  it  would  api^ear  to  be  about  280  metres  per  second.  Thus,  in 
employing  a  narrow  rubber  pipe  of  length  1  metre,  with  one  end  open,  for 
recording  the  pulse,  we  have  to  expect  vibrations  of  the  air  of  frequency 
about  IQjl  per  second.  Such  artificial  vibrations  might  be  expected  to 
interfere  with,  and  to  distort,  the  record  of  the  vibrations  of  the  arteries, 
which  are  often  themselves  fairly  rapid.  In  the  case  of  an  instrument  like 
the  polygraph,  where  the  transmitting  pipe  is  closed  at  both  ends,  the  wave- 

*  Assuming  the  velocity  of  sound  to  be  340  metres  per  second,  as  in  the  open  air. 
t  Calculated    from    the    expression    ajil,   and   assuming  a,   the  velocity   of  sound,   to   be 
340  metres  per  second. 
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lengtli  of  the  vibration  is  21  and  not  4?,  so  that  the  frequency  of  oscillation 
of  the  air  in  such  a  narrow  rubber  pipe  is  about  140/L  If  I  be  kept  small,  the 
natural  frequency  of  the  vibration  of  the  air  remains  so  high  that  oscillation 
is  unlikely  to  be  excited  by  the  relatively  slow  mechanical  changes  occurring 
in  the  artery.  If,  however,  I  were  too  great,  e.g.,  several  metres,  there  might 
be  a  noticeable  interference  with  the  record. 

(c)  Receivers.  The  receivers  placed  upon  the  body  and  connected  to 
the  rubber  pipe  have  been  : — (a)  for  the  carotid  and  jugular,  a  small  funnel 
of  2|  cm.  diameter,  or  a  shallow  metal  cup  as  provided  with  the  usual 
polygraph  outfit  ;  (ft)  for  the  apex  beat,  the  same,  a  larger  funnel,  or  a 
button  tambour  ;  and  (c)  for  a  Umb,  a  hollow  rubber  bandage  similar  to 
that  employed  with  a  sphygmomanometer,  strapped  round  the  limb  and 
blown  up  to  a  pressure  of  about  80-100  mm.  of  Hg. 


Fig.  3.     Arrangement   of   apparatus  for  radial  syhygmograms.      H.W.  =hot  wire  ;    A  =  armlet; 
B  =  reservoir  of  oscillometer  ;    P=pump  ;   V  =  escape  valve  ;    G=leads  to  galvanometer. 


For  the  radial  pulse  we  have  employed  occasionally  a  spring  sphygmograph 
as  supplied  with  clinical  polygraph  outfits,  but  this  is  apt  to  develop  natural 
oscillations  of  its  own,  and  is  difficult  to  adjust  with  sufficient  accuracy  to 
secure  the  maximal  excursion.  Since  we  have  worked  with  large  numbers 
of  subjects  it  has  been  necessary  to  employ  some  simple  ready  method  of 
fixing  a  receiver,  without  delay  in  adjustment.  We  have  adopted,  therefore, 
the  plethysmographic  bandage  for  general  use,  except  in  the  case  of  the 
carotid  and  jugular  pulses  and  the  apex  beat.  Actually  we  have  used  the 
bandage,  pump  and  manometer  of  the  Pachon  "  Oscillometre  Sphygmo- 
metrique  "  (Bouhtte),  placing  the  hot  wire  instrument  fairly  close  to  the 
bandage,  in  the  course  of  the  pipe  running  to  the  reservoir  of  the  oscillometer 
(Fig.  3).  Any  simple  arrangement,  however,  consisting  of  a  reservoir,  a 
pump,  a  pressure  gauge,  and  a  bandage  will  give  satisfactory  results. 
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The  bandage  can  be  blown  up  to  any  desired  pressure  and  read  by  its 
own  manometer.  The  oscillometer  can  conveniently  be  used  to  ascertain 
the  maximal  excursion,  and  provides  an  adequate  reservoir  for  air  to  flow 
past  the  hot  wire.  It  is  necessary  that  the  whole  system  should  be  airtight, 
otherwise,  in  addition  to  the  objection  of  changing  pressure,  air  will  flow 
past  the  hot  wire  throughout  the  experiment  and  disturb  the  records. 
The  hot  wire  carrier  can  be  rendered  air-tight  by  soaking  it  in  molten  paraffin 
wax.  It  is  necessary  also  to  avoid  altering  the  pressure  without  first 
shunting  the  galvanometer,  otherwise  a  very  extensive  coohng  of  the  wire 
may  damage  the  galvanometer  string.  We  have  occasionally  employed  a 
glycerine  tambour :  this,  however,  although  easy  to  fix  and  use,  ajjpears  to 
damp  the  movement,  and,  by  rounding  off  the  sharp  deflections,  interferes 
with  accuracy  in  timing.  With  all  but  the  bandage  receivers  the  hot  wire 
instrument  is  simply  fixed  in  the  end  of  the  rubber  pipe,  and  left  with  its 
other  end  open.  With  bandage  receivers,  however,  the  inside  of  the 
instrument  is  under  pressure,  and  it  is  necessary  to  provide  a  small  reservoir 
beyond  the  hot  wire  to  allow  air  to  pass  it.  A  closed  bottle,  or  the  reservoir 
of  the  oscillometer,  connected  by  a  short  rubber  pipe  to  the  hot-wire 
instrument,  is  sufficient. 

(/ )  Measurement  of  records.  The  records  have  been  measiu'ed  in  three 
ways  :  (a)  by  the  use  of  the  Lucas  comparator  (this  method  is  laborious  and 
unnecessarily  accurate) ;  (b)  by  throwing  the  image  of  the  record  on  a  screen 
of  squared  paper,  by  means  of  an  enlarging  lantern,  and  adjusting  the  distance 
of  the  screen  so  that  the  interval  between  successive  time  marks,  e.g.,  0-2  of  a 
second,  occupies  an  exact  distance  on  the  screen,  e.g.,  20  cm.  (bj'  this  method, 
wliich  gives  results  closely  agreeing  with  those  obtained  with  the  Lucas 
comparator,  the  intervals  can  be  read  off  cUrectly  in  seconds  on  the  screen) ; 
and  (c)  when  using  prints  or  records  on  bromide  paper,  by  the  employment 
of  a  glass  rule  etched  in  milHmetres,  laid,  etched  side  downwards,  cUrectly 
on  the  record,  and  read,  if  necessary,  with  a  lens  (in  this  way  distances  can 
be  read  to  0-1  mm.  mth  very  httle  trouble,  and  times,  in  records  going 
100  mm.  per  second,  to  0-001  of  a  second). 

/ 1.      Interpretation  of  records. 

(a)  Physical  considerations.  Owing  to  the  physical  princijiles  involved 
the  records  obtained  -with  the  hot  wire  differ  in  form  from  those  given  by 
other  sphygmographs.  In  the  first  place,  since  coohng  of  the  wire  may  be 
produced  by  a  current  of  air  passing  through  the  tube  (Fig.  2)  in  either 
direction,  both  expansion  and  contraction  of  the  vessel  under  the  receiver 
give  rise  to  similar  deflections  in  the  hot  wire  record.  Secondly,  heat  is 
being  hberated  continuously  in  the  wire  by  the  current  passing  in  it.  This 
heat  is  being  dispersed  by  conduction,  convection  and  radiation.  The 
temperature  of  the  wire,  therefore,  remains  high  and  constant  until  a  sudden 
passage  of  air  cools  it.     When  the  passage  of  air  has  ceased,  the  \vire  rapidly 
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warms  again.  The  resulting  record  is  comparable  with  that  obtained  from 
a  tambour,  in  which  the  membrane  is  perforated  by  a  hole  sufficiently  large 
to  allow  the  internal  pressure  to  return  to  atmospheric  at  such  times  as 
rapid  alterations  of  pressure  are  in  abeyance  (Fig.  5).  Unless  these  facts 
be  borne  in  mind,  the  records  obtained  are  difficult  to  interpret.  For  example, 
the  plateau  of  sustained  pressure,  which  appears  on  an  ordinary  cardiogram 
of  the  apex  beat,  is  replaced,  in  the  hot  wire  record,  by  two  rapid  deflections 
with  sharp  peaks  (Fig.  6).  These  peaks  correspond  respectively  to  the  rise 
of  pressure  immecUately  preceding  the  commencement,  and  to  the  fall  of 
pressure  following  the  termination  of  the  plateau,  whereas  during  the  plateau 
itself,  the  heating  of  the  wire  being  unopposed,  the  galvanometer  returns  to 
the  zero  position.  Conversely,  the  plateau  form  of  curve  is  hardly  ever  met 
with  in  hot-wire  records,  since  it  could  only  be  produced  by  a  uniform  and 
continuous  alteration  of  pressure  causing  constant  cooUng  of  the  ■wire,  in 
excess  of  that  due  to  conduction,  convection  and  radiation  when  at  rest. 
It  will  be  obvious,  therefore,  that  rapid  deflections  with  sharp  peaks  can  be 
I^roduced  only  by  sudden  alterations  in  pressure. 

(b)  Normal  carotid  records.  In  the  case  of  normal  carotid  records  there 
are  two  periods  during  wliich  the  contlitions  leading  to  sharp  j^eaks  are 
satisfied,  the  first  when  the  pressure  rises  rapidly  at  the  commencement  of  the 
carotid  cycle,  and  the  second  when  the  pressure  falls  rapidly  during  a  short 
period  immediately  preceding  the  dicrotic  wave,  that  is,  during  the  earliest 
stage  of  ventricular  relaxation,  prior  to  the  closure  of  the  aortic-  valves. 
For  convenience  we  have  designated  the  corresponding  deflections  in  the 
hot-wire  record  a  and  /3. 

In  interjjreting  the  meaning  of  deflections  observed  in  records  made 
with  the  hot  wire,  it  is  an  advantage  to  have  a  synchronous  sphygmogram 
of  the  more  famiUar  type.  This  may  be  obtained  by  placing  in  series  with 
the  hot  wire  a  small  hght  tambour  the  movements  of  which  are  optically 
recorded.  For  this  purpose  we  have  employed  a  Frank  segment  capsule, 
but  in  our  earher  experiments  obtained  quite  satisfactory  results  by  using 
a  small  tambour  about  2  cm.  in  diameter  covered  with  thin  rubber  and 
tightly  strung  to  give  it  a  short  natural  period  (less  than  001  of  a  second)  with 
a  very  light  mirror  placed  near  its  edge.  A  beam  of  light  from  a  pointoiite 
lamp  was  reflected  from  the  mirror,  and  focussed  on  the  plate  of  the  camera, 
care  being  taken  that  the  shadow  of  the  galvanometer  string,  and  the  spot 
of  hght  from  the  mirror,  came  exactly  on  the  same  horizontal  hne  on  the 
plate,  to  ensure  simultaneity  of  the  records.  By  throwing  the  optical 
condenser  of  the  galvanometer  lamp  shghtly  out  of  focus  the  relative  intensity 
of  the  beam  of  hght  from  the  mirror,  and  of  the  general  illumination  from 
the  optical  system  of  the  galvanometer,  may  be  adjusted  to  produce 
satisfactory  contrast.  Since  the  hot  wire  responds,  not  to  alterations  in 
pressure  but  only  to  air  movement,  its  readings  are  abolished  when  the 
instrument  is  placed  in  the  course  of  a  closed  pipe.     Hence  in  the  combined 
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optical  and  hot-Mdre  records,  it  is  necessary  to  place  a  small  reservoir  between 
the  hot  wire  and  the  tambour,  to  enable  air  to  pass  the  hot  wire.  Such  a 
reservoir  will  tend  to  diminish  the  amplitude  of  movement  of  the  optical 
tambour,  but  by  suitable  adjustments  of  the  volume  of  the  air  space  it  is 
possible  to  vary  the  relative  sensitivitj^  of  the  two  recording  instruments, 
and  to  obtain  a  result  which  will  give  satisfactory  records  from  both.  By 
fitting  the  air  reservoir  with  a  syphon  arrangement,  the  air-volume  can  be 
varied  at  will  until  the  most  satisfactory  value  is  ascertained.  A  three-way 
tap  connecting  the  hot  wdre  and  tambour  enables  the  reservoir  to  be  cut  out 
entirely,  if  for  any  purpose  it  be  desired,  by  using  the  optical  recorder  alone, 
to  obtain  the  maximal  excursion  of  the  latter.  It  is  convenient  to  fit  the 
reservoir  with  an  outlet  tube  clamped  by  means  of  a  pinch  cock,  in  order 
that  the  optical  record  may  be  brought  back  to  its  zero  position  when  the 
desired  pressure  has  been  applied  to  the  carotid  receiver.  Such  an  arrange- 
ment obviates  the  necessity  for  altering  the  position  of  the  optical  tambour 
when  variations  in  the  internal  pressure  of  the  system  are  produced  by  the 
application  of  the  receiver.  In  Fig.  7  the  lower  curve  (black)  is  a  hot  wire 
tracing,  and  the  upper  (white)  is  a  simultaneous  record,  made  by  optical 
registration. 

The  comparison  of  the  hot  wire  with  the  tambour  records  shows  : — 

[a)  That  the  deflection  "  commences  at  precisely  the  same 
moment  as  the  initial  rise  in  the  curve  of  the  optical  sphyg- 
mogram  ; 

(I))  That  the  hot  wire  returns  to  its  zero  position  while  the 
pressure  is  maintained  during  systole  ; 

(f)  That  the  commencement  of  the  deflection  fi  coincides  with 
the  rapid  fall  of  pressure  immediately  preceding  the  dicrotic 
wave  ;  and 

{d)  That,  at  the  same  moment  as  the  dicrotic  notch  occurs  on  the 
optical  record,  the  hot-wire  record  reaches  a  sliarj)  point,  and 
subsequently  returns  to  its  zero. 

From  this  it  may  be  seen  that  the  first  wave  {"■)  of  the  hot-wire  records 
corresponds  to  the  transmitted  rise  of  arterial  pressure  immediately  following 
the  opening  of  the  aortic  valves,  and  the  .second  wave  (/?)  corresponds  to 
the  fall  of  pressure  occurring  at  the  commencement  of  ventricular  diastole, 
its  sharp  point  being  due  to,  and  simultaneous  with,  the  closure  of  the 
aortic  valves.*  These  facts  have  been  estabhshed  by  a  number  of  simul- 
taneous ob.servations  similar  to  Fig.  7. 

*  Making  due  allowance  for  conduction  time  of  the  pulse  wave  from  the  aortic  orifice  to 
the  carotid  art«ry. 
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In  this  connection  it  seemed  to  be  somewhat  surprising  that  the 
dicrotic  wave  was  not  represented  in  the  majority  of  the  hot-wire  records. 
The  explanation  appears  to  be  that  the  rise  of  pressure  due  to  the  dicrotic 
wave  is,  in  most  cases,  too  gradual  to  produce  cooling  of  the  wire.  In  optical 
records  the  dicrotic  wave  is  much  less  prominent  than  in  sphygmograms 
taken  with  Dudgeon's  instrument,  where  the  height  and  steepness  of  the 
ascending  limb  of  the  wave  are  considerably  exaggerated,  by  the  mechanical 
rebound  of  the  recording  lever  when  it  is  suddenly  checked  in  its  rapid 
descent  during  the  earhest  phase  of  diastole.  In  certain  hot-wire  records, 
however,  taken  from  patients  exhibiting  a  markedly  dicrotic  type  of  pulse, 
the  deflection  (3  does  exhibit  a  bifurcated  peak  (Fig.  8),  the  first  summit 
corresponding  in  time  to  the  dicrotic  notch  of  the  optical  curve,  the  second 
being  a  true  representation  of  the  dicrotic  wave. 

Records  obtained  from  the  radial  pulse  (Fig.  9)  by  the  hot-wire  present 
a  general  similaritj'  to  the  carotid  sphygmograms,  but  differ  from  the  latter 
in  the  fact  that  the  (i  wave  has  a  rounded,  instead  of  a  pointed,  summit. 

/  /  /.      The  measurement  of  pulse  wave  velocity  in  living  subjects. 

(a)  Introduction.  By  means  of  the  hot  wire  it  is  possible  to  record  the 
time  of  arrival  of  the  pulse  wave  at  different  points  in  the  body,  and  so  to 
determine  the  velocity  with  w-hich  it  is  transmitted.  The  rapidity  of  the 
initial  deflection  in  the  hot-wire  sphygmogram  enables  time  intervals  to  be 
measured  with  a  degree  of  accuracy,  which  is  rarely,  if  ever,  possible  in 
records  obtained  by  mechanical  means,  such  as  have  been  employed  by 
most  observersii  who  have  pre\iously  investigated  this  problem.  In  order 
to  determine  the  velocity  of  transmission  it  is  necessary  to  measure  the 
time  taken  by  the  pulse  wave  to  travel  along  a  known  length  of  artery. 

(6)  Anatomical  measuremeiits.  All  the  observations  described  in  this 
paper  have  been  made  on  the  upper  hmb.  The  reason  for  selecting  the  arm 
in  preference  to  the  leg  is  that  the  anatomical  disposition  of  the  arteries 
in  the  former,  in  the  hving  subject,  allows  one  to  arrive  at  a  more  accurate 
estimate  of  their  length  than  is  possible  in  the  latter  situation.  In  the 
erect  posture  with  the  arm  extended  at  right  angles  to  the  long  axis  of  the 
body,  the  subclavian-axillary-bracliial  trunk  with  its  direct  continuation, 
the  radial  artery,  may  be  mapped  out  by  a  straight  Hne  drawn  from  the 
sterno-clavicular  joint  to  a  point  at  the  wrist  immediately  to  the  inner  side 
of  the  styloid  process  of  the  radius.  Similarly  with  the  head  thrown  shghtly 
backwards,  the  right  common  carotid  artery,  and  the  commencement  of  the 
external  carotid,  may  be  marked  out  on  the  surface  of  the  body  by  a  straight 
line  drawn  from  the  right  sterno-clavicular  articulation  to  a  point  in  the 
neck  immediately  below  the  angle  of  the  jaw,  where  the  pulsation  can  be 
felt  with  the  finger.  Hence  by  recording  .synchronous  sphygmograms 
from   the   right   carotid   and   right   radial   pulses,    and   by   measuring   the 
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distances  from  the  right  sterno-clavicular  joint  to  the  points  in  the  neck 
and  wrist  from  which  the  two  records  are  obtained,  it  is  possible,  by 
subtracting  the  one  measurement  from  the  other,  to  calculate  the  distance 
trans  versed  by  the  pulse  wave  in  the  time  wliich  elapses  between  the 
commencement  of  the  carotid  and  radial  primary  deflections. 

In  a  recent  paper  Bazett  and  Drej'er^  maintained  that  the  velocity  of 
the  pulse  wave  is  much  liigher  in  the  smaller  than  in  the  larger  arteries. 
We  are  at  present  making  further  observations  on  tliis  subject,  but  the 
values  given  in  the  present  paper  refer  only  to  the  mean  velocities  recorded 
over  the  total  length  of  the  arteries  in  the  upper  hmb  as  defined  above. 
All  our  observations  have  been  made  ^vith  the  subject  sitting  at  ease  in  a 
chair,  with  his  muscles  completely  relaxed.  The  carotid  pulse  maj'  be  most 
easily  recorded  in  this  position,  as  the  force  of  gravity  assists  in  emptying 
the  arteries  during  diastole,  and  hence  the  arrival  of  the  pulse  wave 
produces  a  greater  excursion  of  the  arterial  wall. 

The  total  distance  on  which  the.se  calculations  are  based  in  the  case 
of  an  adult  is  only  about  40  to  60  cms.  It  is  imj^ortant,  therefore,  that 
the  measurements  should  be  made  with  care  and  accuracy,  since  a  difference 
of  1  cm.  in  measurement  would  introduce  an  error  of  about  2  per  cent.. 

It  is  realised  that  the  innominate  artery  may  not  always  divide  into 
its  two  terminal  branches  immediately  beliind  the  sterno-clavicular  joint, 
but  since  the  horizontal  extent  of  this  articulation  is  considerable  it  appeared 
advisable  to  take  our  measurements  in  every  case  from  the  midpoint  of 
the  sternal  end  of  the  clavicle.  For  the  sake  of  convenience  the  point 
chosen  at  the  wrist  was  the  tip  of  the  styloid  process  of  the  radius,  and 
from  this  measurement  was  deducted  the  width  of  the  bandage  emiDloyed. 

Under  certain  pathological  conditions  the  Umb  arteries  follow  a 
tortuous  course,  and  in  such  cases  the  measurements  referred  to  above  mil 
be  an  underestimate  of  the  actual  length  of  the  arteries  concerned,  the 
calculated  value  of  pidse  wave  velocity  being  less  than  the  true  value.  This 
source  of  error,  however,  is  not  Hkely  to  affect,  to  any  appreciable  extent, 
the  results  obtained  from  young  and  healthy  individuals,  especially  since 
the  arm  is  kept  extended  ;  and  in  the  case  of  older  subjects,  all  those  in 
whom  tortuosity  of  the  superficial  arteries  could  be  detected  have  been 
excluded  from  the  group  considered  in  the  present  paper. 

(c)  Receivers.  The  carotid  pulse  is  recorded  vAth.  a  cup  receiver  and 
the  radial  mth  a  plethysmographic  bandage.  The  pressure  used  in  the 
bandage  has  generally  been  that  which  is  found  to  jield  the  largest 
oscillations. 

As  will  be  seen  from  the  record  shown  in  Fig.  10,  the  radial  upstroke 
does  not  occur  until  the  carotid  deflection  is  api:)roaching  its  base  Kne. 
Consequently,  instead  of  recording  the  two  pulses  on  separate  strings  of  the 
galvanometer,  it  is  possible,  hj  connecting  the  two  hot-wires  in  parallel  to 
the  same  bridge,  to  record  their  alterations  in  resistance  on  the  same 
galvanometer  string  (Fig.  11). 
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{d)  Time  intervals.  When  the  latter  method  is  employed,  the  commence- 
ment of  the  radial  upstroke  which  corresponds  to  the  moment  when  the 
second  wave  suddenly  begins  appreciably  to  affect  the  record,  occurs 
slightly  later  than  when  the  two  pulses  are  recorded  on  separate  strings, 
since  the  rapidity  with  which  the  carotid  deflection  descends  tends  to 
neutrahse  a  movement  in  the  opposite  direction  which  is  relatively  slow 
in  its  initial  stages.  Consequently  the  velocities  calculated  from  records 
in  wliich  both  pulses  are  recorded  on  the  same  galvanometer  string  have 
values  which  are  somewhat  lower  than  those  in  which  the  pulses  have  been 
recorded  separately.  Since,  however,  it  appears  that  the  difference  rarely 
exceeds  10  per  cent.,  we  have  included  the  results  obtained  by  both 
methods  in  the  present  series  of  observations.  In  Fig.  4,  which  shows 
graphically  the  results  obtained,  the  observations  by  the  two  methods  are 
indiscriminately  mixed  ;  on  the  whole,  however,  we  regard  the  two-string 
method  as  preferable. 

The  points  selected  for  measurement  when  both  pulses  are  recorded 
on  the  same  string  are  (a)  the  commencement  of  the  initial  deflection 
as  defined  below,  in  the  carotid,  and  (b)  the  sharp  point  of  the  V  formed 
at  the  junction  of  the  carotid  and  the  radial  primary  deflections. 

It  is  necessary  further  to  define  exactly  what  is  meant  by  the 
commencement  of  the  carotid  upstroke,  as  otherwise  there  is  apt  to  be 
some  discrepancy  in  the  measurements  made  by  different  observers.  In 
order  to  overcome  this  difiiculty,  and  to  obtain  uniformity  of  measure- 
ment in  different  records,  we  decided  to  adopt  the  following  convention. 
The  commencement  of  the  carotid  deflection  is  taken  as  the  middle  of  the 
recording  upstroke  where  it  is  cut  by  the  continuation  of  the  immediately 
preceding  base  fine  (Fig.  12).  It  is  reahsed  that  tliis  procedure  is  to  some 
extent  arbitrary,  but  in  the  last  resort  there  can  be  no  precise  beginning 
to  the  wave ;  it  must  rise  gradually,  so  that  it  is  necessary  to  adopt  some 
convention  as  to  the  point  from  which  to  measure.  The  point  we  have 
selected  is  convenient  and  .simple  to  use,  and  even  if  another  point  were 
to  give  results  differing  from  ours  by  a  few  thousandths  of  a  second,  the 
fact  that  we  have  consistently  used  the  same  point  makes  our  readings 
comparable  with  one  another.  This  convention  has  been  adhered  to 
throughout.  Only  those  cycles  in  which  the  commencement  of  the  upstroke 
could  be  defined  with  certainty  were  selected  fof  measurement,  and  since 
the  records  were  measured  to  0-1  mm.  the  greatest  possible  error  in  any 
particular  case  would  be  ±0-05  mm..  Where,  therefore,  both  the  radial 
and  carotid  upstrokes  were  measured,  the  total  possible  error  in  the  carotid 
radial  interval  in  a  single  cycle  would  be  ±0-1  mm.,  and  since  each  of  the 
results  given  is  the  average  of  three  cycles,  the  "  probable  "  error  would 
be  much  less  than  0-1  mm..  The  total  length  of  the  carotid  radial  interval 
varied  in  different  records  (owing  partly  to  variation  of  the  speed  at  which 
the  paper  was  moving,  and  partly  to  the  variation  in  the  actual  time 
intervals  recorded  in  different  subjects)  between  5  and   10  mm..     Hence 
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VELOCITY  :  METERS    per   SECOND 


Fig.  4.  Diagram  of  results  obtained  in  74  experiments.  Mean  pulse  wave  velocity  in  metres 
per  second  is  plotted  (vertically)  against  age  in  years  (horizontally).  Each  point  represents 
the  mean  of  three  obser\'ations.  A  mean  curve  is  drawn  through  the  ol)ser\-ations,  and 
other  lines  at  a  distance  corresponding  to  one  metre  per  second  above  and  l)elow  the  mean 
curve  to  indicate  the  limits  of  variation. 
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the  "  probable  "  percentage  error  due  to  inaccurate  measurement  would 
be  much  less  than  1  to  2  per  cent.  Errors  due  to  variation  in  the  speed  of  the 
camera  motor  are  very  small,  since  no  cycle  was  accepted  for  measurement 
in  wliich  the  length  of  the  adjacent  time  intervals  of  0-2  of  a  second  differed 
by  more  than  2  per  cent.. 

(e)  Relative  sensitivity  of  recording  instruments.  Not  infrequently  it 
happens  that,  in  records  taken  from  two  different  parts  of  the  body,  such 
as  the  neck  and  wrist,  the  amplitude  of  the  deflections  are  very  different, 
whereas  it  may  be  desirable  that  they  should  be  reduced  to  roughly  the 
same  size.  If  the  two  pulses  be  recorded  on  separate  strings,  this  may 
easily  be  arranged  by  means  either  of  the  shunt  or  the  resistance  in  the 
galvanometer  circuit,  the  sensitivity  of  either  string  being  reduced  by  the 
required  amount.  But  in  the  case  where  both  pulses  are  recorded  on  the 
same  string,  it  is  necessary  to  place  a  resistance  box  (0  to  100  ohms)  in 
series  with  the  radial  hot  wire.  It  is  then  possible  to  vary  the  relative 
sensitivity  of  the  two  wires,  the  radial  having  its  .sensitivity  reduced  by  the 
resistance  in  series  with  it.  Furthermore,  if  two  hot  wires  of  unequal 
resistance  be  employed  in  parallel  with  the  same  bridge  and  string,  the 
wire  of  Iiigher  resistance  will  have  a  lower  sensitivity.  This  fact  may  be 
of  convenience  in  adjusting  the  sizes  of  the  two  records. 

(/)  Radial  armlet.  The  broad  plethysmograpliic  bandage  was  emijloyed 
in  all  our  earher  observations.  We  have  used  also  a  narrower  bandage, 
similar  in  all  respects  to  that  previously  employed,  with  the  exception 
that  its  width  was  2-5  instead  of  8  cms..  In  the  case  of  children  this  narrow 
bandage  gave  satisfactory  results  ;  but  in  adults,  in  whom  the  artery  was 
separated  from  the  surface  by  a  considerable  amount  of  subcutaneous  tissue, 
it  was  found  that  with  such  a  narrow  bandage,  in  order  to  obtain  excursions 
of  sufficient  amplitude,  considerably  higher  pressures  had  to  be  emjiloyed. 
This  was  less  comfortable  for  the  subject,  and  since  discomfort  might  be 
liable  to  lead  to  reflex  rise  in  blood  pressure,  it  was  decided  in  the  case  of 
adults  to  revert  to  the  wider  bandage. 

(?)  ^ff^f^t  of  pressure  by  the  receiver.  Another  possible  source  of  error 
wlaich  had  to  be  taken  into  account,  especially  when  the  narrow  bandage 
was  employed,  was  the  fact  that  if  a  pressure  liigher  than  the  diastohc 
were  applied  by  the  receiver  the  upstroke  might  not  occur  till  the  pressure 
in  the  artery  had  risen  to  the  pressure  in  the  bandage.  If  such  an  error  did 
exist,  it  would  tend  to  vary  according  to  the  pressure  with  which  the 
receiver  was  applied.  It  was  shown,  however,  by  repeated  observations  on 
the  radial  pulse  that  considerable  variations  of  the  pressure  in  the  bandage 
produced  no  detectable  difference  in  the  results  obtained,  and  the  pressure 
in  the  bandage  has  never  been  much  higher  than  the  diastoUc. 

{h)  Selection  of  records.  In  arriving  at  our  results  the  method  we  have 
adopted  has  been  as  follows.  Each  record  comprises  from  six  to  ten 
cycles.     Of  these,  the  three  in  which  the  deflections  appear  to  be  most 
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sharply  defined  are  selected  by  eye  and  measured.  If  the  measurements 
of  any  two  of  the  three  selected  cycles  differ  from  one  another  by  more 
than  5  per  cent.,  a  fourth  cycle  is  measured.  Then,  if  three  of  the  four 
cycles  agree  to  witliin  5  per  cent.,  the  average  of  these  three  is  taken, 
otherwise  the  whole  record  is  rejected.  Tliis  procedure  was  adopted  after 
careful  consideration  for  the  following  reason.  In  those  cases  in  which  the 
measurement  of  a  single  cycle  differed  to  any  appreciable  extent  from  those 
of  its  fellows,  it  was  found  that  the  average  of  aU  the  cycles  in  the  record 
agreed  more  closely  ■nith  the  average  of  the  three  normal  cycles  than  with 
the  four,  including  the  abnormal  cycle  in  question.  Such  abnormal  cycles 
are  bound  to  occur  from  time  to  time  in  the  course  of  a  long  series  of 
observations,  and  their  inclusion  in  the  averages  would,  we  believe,  give 
results  which  would  rejiresent  less  accurately  the  values  which  we  are 
endeavouring  to  measm'e. 

(j)  Cnlculation  of  results.  After  the  measured  carotid-radial  interval 
has  been  converted  into,  time,  it  is  necessary  to  make  a  correction  for 
the  difference  in  length  of  the  tubes  connecting  the  carotid  and  radial 
receivers  to  their  respective  hot  wires.  If,  for  example,  the  former  be 
50  cms.  long,  and  the  latter  only  15  cms.  (taking  the  velocity  of  sound  in 
these  tubes  as  280  metres  per  second)  the  carotid  pulse  will  be  recorded 
00012  of  a  second  too  late  as  compared  with  the  radial,  and  the  recorded 
time  interval  on  the  plate  will,  therefore,  be  too  short  by  that  amount. 

(k)  Results  obtained.  The  results  of  our  observations  on  74  normal 
healthy  individuals  are  shown  in  Fig.  4.  A  general  enquiry  into  past 
illnesses  and  present  tolerance  for  exercise  was  made  in  each  case,  and  where 
there  had  been  any  serious  illness,  only  those  subjects  in  whom  subsequent 
athletic  achievements  appeared  to  exclude  cardio-vascular  changes  were 
included  in  the  present  group.  Owing  to  the  wide  variations  wliich  occur  in 
pulse  wave  velocity  under  pathological  conditions^  it  appeared  necessary 
to  adopt  some  such  standard  of  normahty  in  selecting  subjects  for  the  present 
investigation. 

The  ages  of  the  subjects  varied  from  4  up  to  84,  and  their  pulse  wave 
velocities  from  4-7  to  8-6  metres  per  second.  In  the  case  of  individuals 
under  25  years  of  age  we  have  made  53  observations,  which  number  should 
be  sufficient  to  enable  us  to  obtain  a  fairly  accurate  idea  of  the  hmits  of 
normal  variation.  Amongst  older  subjects,  on  the  other  hand,  the  number 
of  observations  is  small  (21).  But  the  fact  that  aU  of  those  observations 
wliich  we  have  made  tend  to  fall  in  close  proximity  to  the  continuation 
of  the  curve  giving  the  mean  values  in  younger  subjects,  suggests  that  the 
same  general  relationshiii  holds  good.  In  Fig.  4  the  mean  pulse  wave 
velocity  is  plotted  grapliically  against  the  age,  and  a  mean  curve  is  draw  n 
through  the  observations.  Further,  the  maximum  deviation  from  the  mean 
curve  appears  to  be  about  ±  1  metre  per  second,  and  fines  are  drawn  on  the 
figure  that  distance  above  and  below  the  mean  fine.     The  results  obtained 
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from  chikken  under  15  years  of  age  are  less  uniform  than  those  from  young 
adults.  This  may,  j^erhaps,  be  explained  by  the  greater  tendency  to 
variation  in  blood  pressure  in  the  former  case.  As  we  have  shown  else- 
where'-""'*, variations  in  blood  pressure  play  an  important  part  in  modifying 
the  elasticity  of  the  arterial  wall.  In  the  case  of  older  jjeople  a  tendency  to 
wider  deviation  from  the  mean  might  have  been  exijected  on  account  of 
greater  variabihty  in  the  condition  of  the  arterial  walls  :  the  number  of 
observations,  however,  made  liitherto  at  the  higher  ages  is  insufficient 
to  enable  us  to  arrive  at  a  definite  conclusion  on  this  point. 

It  is  interesting  to  calculate  from  the  mean  curve  given  in  Fig.  4  the 
actual  elasticity  of  the  arteries  at  different  ages.  According  to  Bramwell 
and  HiU^  the  percentage  increase  of  volume  of  an  artery  per  mm.  increase  of 

12-7 

pressure  is  equal  to -. 

(Velocity  of  pulse  wave)^ 


Age         
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0-24 
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It  is  seen  that,  as  age  increases,  there  is  a  notable  decrease  in  the 
elasticity  of  the  arteries,  at  the  actual  diastolic  pressure  of  the  individual,  a 
result  which  explains  the  well-known  fact  that  the  pulse  pressure  and  the 
systolic  pressure  are  considerably  increased  with  age.  The  difference 
between  the  diastolic  pressure  of  young  adults  and  that  of  older  people  is 
relatively  small.  If,  however,  the  elasticity  (i.e.,  the  mean  percentage 
increase  of  volume  of  the  artery  per  mm.  increase  of  pressure)  be  halved 
between  the  ages  of  10  and  60,  then,  for  a  given  relative  output  of  the 
heart  per  beat,  the  pulse  pressure  will  be  about  doubled  and  the  systolic 
pressure  considerably  increased  over  the  same  interval  of  years. 

Summary. 


The  hot-wire  sjjhygmograph  consists  of  a  fine  spiral  of  platinum  wire 
heated  by  a  battery.  Pulses  of  air  from  suitable  receivers  placed  over 
pulsating  points  on  the  surface  of  the  body  cool  the  wire,  and  produce 
alterations  in  its  electrical  resistance  which  can  be  recorded  on  a  string 
galvanometer.  By  this  means  instrumental  lag  can  be  reduced  to  a  minimum, 
contamination  of  records  by  mechanical  vibrations  is  avoided,  and  the  time- 
relations  of  different  cardio-vascular  events  can  be  measured  with  a  high 
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degree  of  accuracy.  The  rapidity  with  which  the  hot  wire  sphygmogram 
leaves  its  base  line  increases  with  the  rate  of  change  in  pressure  in  the  artery. 
Normal  carotid  records  show  two  sharp  deflections,  the  first  due  to  the 
initial  rise  of  pressure  following  the  opening  of  the  aortic  valves,  and  the 
second  due  to  the  fall  of  pressure  at  the  commencement  of  ventricular 
diastole. 

By  recording  simultaneous  hot-wire  sphygmograms  of  the  radial  and 
carotid  pulses,  the  velocity  of  transmission  of  the  pulse  wave  may  be 
measured  with  accuracy.  A  series  of  74  such  observations,  in  normal 
subjects,  shows  that  there  is  a  definite  relationship)  between  age  and  velocity. 
The  mean  value  rises  from  5-2  metres  per  second  at  the  age  of  5,  to  8-6 
metres  per  second  at  the  age  of  84.  8o  far  as  these  observations  go,  the 
greatest  deviation  from  the  mean  curve  for  different  ages  is  less  than  1  metre 
per  second.  During  the  interval  between  10  and  60  years  of  age  the  volume 
elasticity  of  the  arteries  is  halved.  Tliis  result  explains  the  increase  of 
pulse  pressure  and  of  systolic  f)ressure  with  age. 
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Fig.    5.      Kadwi    s|iriyL:iuOi,'raiii.    rfrorcU'cl    ny    cipiuMi    ini'iiKm.        1  lie    n rdin.:    niiiUHjiir    was 

perforated  liy  a  hole  of  siitTicient  size  to  allow  the  record  to  return  to  its  base  line  when 
rapid  changes  of  pressure  were  in  abeyance.  The  initial  deflection  is  very  similar  to  that 
given  by  the  hot-wire  sphygmograpli. 
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Fig.  fi.      vSynchronous  optical  (Op.)  and  hot-wire  (H.W.)  record.s  of  apex  licat.     (Slightl.\-  rcchiced 

in  size.) 
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Fig.  7.      S\  iirliiiriMHi.    (ipticiil    (li|.,i    .iinl    liMi-wii-,.    (IT.W.)    sphygmograms    of    carotid     [uilse. 
a      I'riniary  ;    |i  ^Secondary  duliuct ion.     Time  intervals  01  of  a  second. 
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Fig.  10.     Synchronous    carotid    (Car.)  and  radial   (Rad.)  sphygmograms  recorded   on  .separate 
strings.    <t-=  primary;   y8=secondary  deflection.     Record  reads  from  right  to  left. 
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Fig.  12.  Enlargement  (x6)  of  hot-wire  sphygmogram.  The  point  of  intersection  of  the  cross 
lines  above  letter  C  is  taken  for  piu-poses  of  measurement  as  the  commencement  of  the 
carotid  upstroke.  The  two  time  lines  are  separated  liy  an  interval  of  0-2  of  a  second.  Record 
reatls  from  left  to  right. 


MOVEMENT    OF   THE    HEART'S    AXIS    WITH    RESPIRATION. 

By  THOMAS   LEWIS.* 

{Cardiac  Department,  University  College  Hospital  Medical  School.) 


A  FEW  years  ago,  Einthoven,  Fahr  and  W^aart^  described  a  method  of 
calculating  the  electrical  axis  of  the  heart  by  means  of  electrocardiograms 
taken  from  the  usual  Umb  leads. 

The  electrical  axis,  as  ascertained  by  them,  corresjjonds  to  that  line, 
in  the  plane  of  the  leads,  along  which  the  greatest  potential  difference 
manifests  itself.  This  Hne  of  greatest  potential  difference  varies  its  jjosition 
during  cbfferent  phases  of  the  cardiac  cycle,  and  maj^  be  calculated  by  the 
formulae  of  these  workers  for  any  phase.  It  should  be  understood  that  the 
electrical  axis  does  not  correspond  to  the  heart's  anatomical  axis,  and  is  at 
the  best  but  an  indifferent  guide  to  it ;  but  it  has  been  thought  that  the 
electrical  axis  may  be  used  to  determine  rotation  of  the  heart's  anatomical 
axis,  in  that  electrical  and  anatomical  axis  might  be  exjiected  to  bear  a 
relatively  constant  incUnation  to  each  other.  According  to  this  view,  if 
the  anatomical  axis  rotates  through  a  certain  number  of  degrees  as  a  result  of 
mechanical  displacement  of  the  heart,  the  electrical  axis  for  any  particular 
phase  of  the  heart's  cycle  should  show  a  simultaneous  and  equal  rotation. 
Such  is  the  conclusion  drawn  on  theoretical  grounds  in  the  article  discussed. 

A  recent  opportunity  has  occurred,  which  seems  to  make  it  possible 
to  put  this  conclusion  to  the  test. 

S.  T.  C,  a  pensioner  of  39  years,  was  discharged  from  the  armjun  August, 
1918.  Having  served  for  two  years  in  the  army  he  was  incajmcitated  by 
a  wound  in  the  chest,  on  the  14th  December,  1917.  The  bullet  entered  the 
chest  at  the  left  shoulder  and  remained  deejDly  buried.  He  developed  a 
left-sided  hemothorax,  which  was  aspirated,  and  from  which  he  recovered. 
An  X-ray  examination  showed  the  bullet  to  be  lodged  in  the  heart,  and  liis 
discharge  from  the  army  followed  because  he  complained  of  shortness  of 

*  Observations  undertaken  on  behalf  of  the  Medical  Research  Council. 


258  THOMAS    LEWIS. 

breath,    exhaustion,  and  some  slight  precordial  distress  on    effort,  dating 
from  the  time  of  liis  injury. 

Examined  on  October  the  23rd,  1919,  he  was  found  to  be  a  spare  though 
well  built  man.  The  heart's  maximal  impulse  lay  in  the  5th  rib  interspace, 
well  internal  to  the  nipple  hne.  The  area  of  cardiac  dulness  was  not  increased. 
The  heart  sounds  were  natural,  with  the  exception  of  an  inconspicuous 
systolic  murmur  aucUble  over  the  maximal  impulse  in  the  erect  posture. 
The  man  jaresented  no  signs  of  heart  failure,  but  by  test  exercises  liis  breath 
was  proved  to  be  shorter  than  normal.  The  pulse,  wliile  the  man  stood  at 
rest,  showed  an  increase  of  rate  (viz.,  100  to  120  per  minute),  and  it  increased 
further  and  readily  upon  effort. 

The  physical  examination  and  review  of  his  symptoms  lent  no  support 
to  the  view  that  the  jjresence  of  the  bullet  was  responsible  for  his 
symptoms.  No  fault  could  be  detected  in  the  heart  or  circulation,  other 
than  those  faults  wliich  are  commonly  manifested  by  patients  who  suffer 
from  the  symptoms  summed  up  in  the  expressions  "  irritable  heart  of 
soldiers  "  or  "  effort  syndrome."  RejJeated  screenings  of  the  chest  demon- 
strated the  following  abnormalities.  The  movement  of  the  left  dome  of  the 
diaphragm,  though  considerable,  was  Umited  in  its  outermost  part ;  it 
appeared  to  be  a  httle  adherent  to  the  lateral  wall  of  the  chest,  so  that 
in  descending  it  tended  to  become  concave.  Presumably  the  adherency  was 
the  sequel  of  the  old  hsemothorax  on  tliis  side.  The  left  side  of  the' chest, 
however,  was  equally  translucent  with  the  right. 

Viewed  antero-posteriorly,  a  complete  rifle  buUet  could  readily  be 
seen,  lying  vertically  with  its  print  upiDermost ;  it  lay  in  the  silhouette  of 
the  heart,  about  3|  cms.  to  the  right  of  the  left  margin  of  the  ventricle  and 
somewhat  nearer  the  apex  than  the  base  of  the  ventricle.  Viewed  from  the 
side,  the  bullet  again  presented  itself  in  the  heart's  silhouette  ;  it  lay  almost 
vertically,  its  jjoint  inclining  a  little  towards  the  sternum,  and  somewhat 
nearer  to  the  ventral  than  to  the  dorsal  border  of  the  heart.  Its  position 
relative  to  the  chambers  was  judged  from  the  antero-ijosterior,  lateral  and 
oblique  positions  ;  the  bullet  was  thought  to  he  most  probably  embedded  in 
the  ventricular  septum. 

Viewed  antero-posteriorly,  the  bullet  showed  an  excursion  of  about 
1  cm.  towards  the  heart's  apex  during  systole  ;  at  the  same  time  its  axis 
rotated  in  an  anticlockwise  fashion  (the  chief  movement  being  at  its  base). 
Viewed  in  the  lateral  position  the  movements  of  the  bullet  with  systole  were 
slight. 

Viewed  both  antero-posteriorly  and  laterally,  the  bullet  was  seen  to 
rise  approximately  2-3  cms.,  as  the  diaphrgam  moved  from  a  position  of 
deep  inspiration  to  that  of  deep  expiration.  In  the  antero-jiosterior  view 
its  axis  was  seen  to  rotate  with  respiration,  the  movement  being  clockwise 
during  inspiration  and  anticlockwise  during  expiration. 
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Rotation  of  the  anatomical  axis  during  respiration.  Many  attempts  were 
made  in  October,  1919,  to  obtain  an  accurate  measurement  of  the  bullet's 
change  of  direction  wdth  respiration,  in  the  hope  of  comparing  these  with 
the  movement  of  the  electrical  axis,  but  these  attempts  were  not  completely 
successful.    These  earlier  observations,  nevertheless,  have  their  value. 

The  patient  came  again  under  observation  in  February,  1923,  and  the 
attempts  were  successfully  repeated.  Meanwliile  the  patient  had  improved 
in  health,  being  more  robust  and  the  heart  rate  normal.  Examined 
under  the  X-ray  (screening  and  skiagrams),  the  bullet  was  seen  to  occupy 
precisely  the  same  position  as  before,  and  its  movements  with  the  heart 
beat  and  respiration  were  unaltered.  Corresponding  skiagrams  taken  during 
the  first  period  are  scarcely  to  be  distinguished  from  those  taken  during  the 
second  period  of  observation.  The  bullet  had  evidently  become  permanently 
and  rigidh'  fixed  in  the  muscular  wall  of  the  ventricle. 

Three  methods  of  measuring  the  inclination  of  the  bullet  were 
used,  [a)  Screening  the  patient  in  the  antero-posterior  jjlane,  the  bullet 
being  clearly  visible  and  sharply  defined.  The  preceding  observations  of 
the  bullet's  position  and  movements  is  equally  appUcable  to  these  later 
observations.  As  previously  stated,  the  base  of  the  bullet  moved  during 
sj'stole  about  1  cm.,  or  thereabout,  towards  the  heart's  apex,  the  point  of 
the  bullet  remaining  almost  stationary  or  inclining  a  little  towards  the  middle 
line.  The  movement  was  rather  like  that  of  a  pendulum,  being  executed 
rapidly  ;  the  bullet  himg  for  an  appreciable  time  in  the  extreme  position, 
corresponding  to  systole  and  diastole.  The  diastoKc  position  appeared  to  be 
held  the  longer.  By  placing  a  flat  ruler  on  the  screen,  its  edge  could  be 
brought  parallel  to  that  of  the  missile  in  the  diastolic  position,  and  this 
I^rocedure  could  be  adojated  in  full  inspiration  and  full  expiration,  and  the 
incUnations  ruled  on  the  screen.  So  far  as  the  diastole  of  the  heart  was 
concerned,  tliis  method  was  probably  accurate  within  a  few  degrees.  vSo 
far  as  systole  was  concerned  it  was  found  to  be  more  precarious.  (6)  Instan- 
taneous plates  were  repeatedly  taken  while  the  breath  was  held  in  the 
inspiratory  and  expiratory  positions,  the  electrical  contact  being  timed 
by  the  rhythm  of  the  pulse.  Although  several  helpful  pictures  were  obtained, 
the  method  proved  too  uncertain.  It  was  not  possible  subseciuently  to 
ascertain  with  certitude  at  what  particular  phase  of  systole  and  diastole  the 
exposure  had  happened,  (c).  The  most  satisfactory  method  used  was  that 
of  exposures  of  from  4  to  6  seconds,  the  tube  lying  1  metre  behind  the 
patient's  heart.  In  many  of  the  plates  so  obtained,  while  the  chest  was 
fixed  in  either  full  inspiration  or  full  expiration,  the  systolic  and  diastolic 
positions  of  the  bullet  were  sufficiently  clearly  defined  on  the  plate  to  allow 
its  axes  to  be  found  with  an  error  of  not  more  than  one  or  two  degrees.  A 
number  of  plates  taken  in  this  fashion  have  been  compared  and  are  in 
substantial  agreement.  The  patient  was  an  unusually  intelligent  man,  and 
was  at  pains  to  maintain  Ms  posture  and  uniformly  to  repeat  the  inspiratory 
and  expiratory  movements. 


260  THOMAS    LEWIS. 

Movement  of  the  anatomical  and  electrical  axis  in  the  erect  posture  compared. 

Anatomical  axis.  The  patient  stood  in  the  erect  posture,  his  sternum 
resting  against  the  screen. 

Method  (a).  Phicinga  ruler  on  the  screen  the  incUnation  of  the  bullet  in 
diastole  was  marked  in  the  full  insiiiratory  and  expiratory  positions  of  the 
chest.    These  two  ruled  lines  met  at  an  angle  of  7-5°. 


'■/ 


Exp. 


Insp. 


.  1.  Outlines  of  the  heart  anrl  bullet  (half  natural  size)  in  full  inspiration  and  full  expiration, 
traced  from  two  X-ray  plates  taken  from  the  patient  in  the  erect  posture.  The  X-ray  tube 
was  at  1  metre  distance  from  the  screen. 

The  luibroken  outline  represents  inspiration  and  the  broken  outline  expiration.  The 
systolic  (S)  and  diastolic  (D)  positions  of  the  bidlet  are  shown.  The  diastolic  axis  of  the 
bullet  moves  anticlockwise  through  8°  in  expiration. 


Method  (c).  From  two  plates,  each  exposed  for  4  seconds  in  the  full 
inspiratory  and  expiratory  positions,  the  superimposed  tracings  of  Fig.  1 
have  been  constructed.  In  this  figure  the  inspiratory  contours  are  repre- 
sented by  imbroken  and  the  expiratory  by  broken  lines.  The  diastohc 
position  of  the  bullet  {D)  is  re^jresented  by  a  heavy  and  the  systoUc  position 
by  a  lighter  outline.  In  full  inspiration  the  bullet  swung  with  each  systole 
in  an  anticlockwise  direction  through  18°.  During  expiration  it  moved  up 
through  almost  its  length,  and  the  swing  with  the  heart  beat  was  about 
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10".*  In  tlie  tracing  (Fig.  1),  two  lines  (inspiratory  IN.  and  expiratory  EX.) 
have  been  drawn  through  the  axis  of  tlie  bullet  in  diastole.  They  are  incUned 
to  each  other  at  8°.  Thus,  there  is  good  agreement  between  the  angle  of 
movement  in  the  photographs  and  the  angle  measured  by  ruling  on  the 
screen. 

Electrical  axis.     Standard  curves  were  now  taken  from  leads,    I,    1 1 
and    ///,  the  patient  standing  and  fixing  the  chest  in  full  inspiration  or 


// 


Fig.  2.  Outlines  of  the  heart  and  bullet  constructed  in  the  same  fashion  as  Fig.  1.  The  patient 
was  sitting  when  the  plates  were  taken.  The  axis  of  the  bullet  moves  anticlockwise  through 
6°  in  expiration. 

expiration.  Two  complete  series  of  such  curves  were  in  substantial 
agreement  and  the  average  values  of  the  summit  R  are  given  in  Table  I. 
The  electrical  axis  of  the  heart,  corresponding  to  the  time  at  wliich  the 
summit  of  R  was  written,  is  calculated  from  these  data  to  have  been  85°| 
in  inspiration  and  76°  in  expiration.  Thus,  the  electrical  axis  swung  in 
expiration  in  an  anticlockwise  fasliion  through  9°. 


*  In  some  plates  it  was  rather  more  than  10°. 

t  The  axis  passed  from  above  downwards  and  to  the  left  in  the  body  with  an  inclination  of 
to  the  horizontal. 
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TABLK   I. 

Height  of  deflect  ion  "/?.' 


Inspiration 


Expiration. 


Now  the  summit  of  R  in  the  electrocardiogram  comes  at  the  very  end 
of  diastole  or  in  the  very  earliest  phase  of  ventricular  systole.  It  occurs 
when  the  ventricles  are  in  a  full  diastolic  position.  The  respiratory  move- 
ment of  the  corresponding  electrical  axis,  therefore,  may  properly  be 
compared  with  the  respiratory  movement  of  the  diastolic  anatomical  axis. 
The  respiratory  movement  of  the  diastolic  axis  of  the  bullet*  indicates 
the'last.  The  first  is  calculated  at  apj^roximately  9°  ;  the  last  was  ascertained 
to  be  approximately  S'". 

The  two  values  are  remarkably  close  to  each  other.  The  degree  of 
correspondence  is  more  fully  appreciated  when  it  is  understood  that 
movements  of  the  electrical  axis  in  respiration  vary  much  from  subject  to 
subject  ;  the  movement  varied  in  the  examples  given  by  Einthoven  and 
his  collaborators  from  4°  to  36°. 

In  so  far,  therefore,  as  my  observations  have  been  described,  they 
would  seem  fully  to  support  a  contention  that  a  movement  of  the  electrical 
axis,  produced  by  respiration,  may  be  read  as  meaning  a  similar  movement 
of  the  anatomical  axis. 

Movements  of  the  anntomical  and  electrical  axin  in  sitting  posture  compared. 

To  amplify  these  observations,  a  similar  series  was  undertaken  with 
the  jDatient  in  a  slightly  different  position,  namely,  while  sitting  upright 
in  an  easy  position.  This  position  was  chosen  after  previous  experience 
of  the  patient's  electrocardiograms  and  their  changes  with  resijiration. 

Anatomical  axis.  The  movement  of  the  right  diaphragmatic  dome  of 
this  patient  was  less  in  the  sitting  than  in  the  standing  posture  ;  on  the 
contrary,  the  movement  of  the  left  diphragmatic  dome  was  slightly 
greater.       As  a  consequence,  expiration  moved  the  heart  more  towards  the 


*  The  axis  of  the  bullet  and  a  hypothetical  anatomical  axis  of  the  ventricles  will  not 
necessarily  correspond  ;  but  movement  of  the  one  should  follow  more  or  less  accurately  the 
movement  of  the  other. 
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miildlo  line  in  the  sitting  posture  than  in  the  standing.  The  upward 
excursion  of  the  bullet  in  expiration  was  approximately  the  same  in  the 
two  postures  of  the  body  ;  but,  whereas  in  the  erect  posture  the  bullet 
moved  a  little  away  from  the  middle  line,  in  the  sitting  posture  it  moved 
a  little  towards  the  middle  line.  During  held  inspiration  the  bullet  swung 
anticlockwise  through  13°  at  the  systole  ;  during  held  expiration  it  swung 
in  a  similar  direction  through  9°  (see  Fig.  2). 

Lines  ruled  on  the  screen  along  the  edge  of  the  bullet  at  diastole,  in 
full  inspiration  and  full  expiration,  met  at  an  angle  of  8°.  The  two  plates, 
corresponding  to  the  extreme  respiratory  positions,  showed  movement 
of  the  diastolic  axis  of  the  bullet  through  6°  (Fig.  2).  These  two  measure- 
ments are  again  in  sufficient  agreement. 

Electrical  axis.  Two  complete  series  of  curves  taken  from  the  normal 
leads  while  the  patient  sat  in  an  identical  position  to  that  in  which  the 
X-ray  observations  were  made  (the  same  stool  being  used,  and  a  screen 
being  placed  against  the  front  of  the  chest)  were  in  substantial  agreement. 


TABLE  II. 

Height  of  deflection  "/?." 


Lead   / 
Lead   1 1 
Lead  III 


Inspiration 


2-0 

14-5 
12-5 


Angle  of  electrical  axis 


Expiratio 


5-0 
6-0 


The  values  of  R  are  given  in  Table  II.  The  inspii-atory  angle  is  calculated 
at  83°  and  the  expiratory  at  63°,  representing  an  anticlockwise  move- 
ment of  20°  in  passing  from  the  inspiratory  to  the  ex23iratory  positions  ; 
the  anatomical  axis,  as  gauged  by  the  axis  of  the  bullet,  moved  anticlock- 
wise through  6°  to  8°.  This  divergence  is  beyond  the  possible  hmits 
of  error  ;  it  was,  in  fact,  quite  obvious  on  simple  screening  of  the  patient 
that  the  axis  of  the  bullet  changed  through  an  angle  of  far  less  than  20°, 
the  change  was  trifling  in  amount.  The  electrocardiograms  taken  in  the 
same  posture  at  a  separate  sitting  gave  a.n  anticlockwise  movement  of  25° 
(83°  to  58°). 

To  account  for  this  divergence  two  possibilities  suggest  themselves. 
It  is  possible  that  the  axis  of  the  bullet  changed  its  relation  to  the  anatomical 
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axis  of  the  heart  as  a  result  of  change  in  the  shape  of  the  heart  during 
respiration.  It  appears  unlikely  that  a  material  change  could  be  produced 
in  this  fashion,  particularly  so  since  the  summit  R  is  regarded  to  result 
from  activity  of  the  lower  portions  of  the  septal  musculature  and  the 
adjoining  parts  of  the  ventricles,^  and  the  bullet  lay  in  this  region  of  the 
heart.  To  account  for  the  divergence,  therefore,  a  considerable  movement 
of  the  bullet  relative  to  the  muscle  immediately  surrounding  it  must  be 
supposed  to  have  occurred  during  respiration  ;  such  an  idea  is  opposed 
by  the  fixity  of  the  bullet  ;  its  position  had  remained  unaltered  for  several 
years.  In  a  similar  case  reported  by  Bond,  Phillips  and  Jevons^  however, 
the  axis  of  the  bullet  moved  in  a  clockwise  fashion  during  expiration,  and 
through  such  a  large  angle  that  it  is  difficult  to  understand  how  the  move- 
ment could  have  occurred  unless  enough  leverage  were  exerted  upon  the  bullet 
as  materially  to  alter  its  position  relative  to  the  heart  wall. 

The  alternative  suggestion  is  that,  in  the  antero-posterior  plane, 
movements  of  the  electrical  axis  do  not  necessarily  convey  an  exact  index 
of  movements  in  the  anatomical  axis.  That  a  movement  of  the  heart's 
axis,  through  a  certain  angle  in  the  antero-posterior  plane,  correspondingly 
influences  the  direction  of  the  electrical  axis  by  altering  the  relation  of  the 
potentials  to  the  he  of  the  leads,  is  a  conclusion  wliich  we  may  unhesi- 
tatingly accept ;  but  that  this  is  the  only  fashion  in  which  respiration 
influences  the  electrical  potentials  is  improbable.  Some  small  change  may 
result  from  altered  heart  rate  (the  inspiratory  rate  in  this  patient  was 
approximately  73  and  the  expiratory  rate  108  per  minute)  ;  a  further  and 
perhaps  larger  change  is  certain  to  result  if,  during  respiration,  the  heart 
rotates  appreciably  around  its  own  axis.* 


Summary  and  conclu.sions. 

1.  In  a  patient  in  whom  a  rifle  bullet  had  become  fixed  in  the  ventricle, 
observations  have  been  undertaken  upon  the  movements  of  this  bullet 
during  the  heart  beat  and  during  respiration. 

2.  The  bullet  showed  a  pendulum-like  swing  with  the  heart  beat, 
its  base  (the  lower  end)  moving  conspicuously  towards  the  heart's  apex 
in  systole  and  receding  from  it  in  diastole. 

3.  During  expiration  the  bullet  moved  almost  vertically  upwards  ; 
at  the  same  time  it  altered  its  obliquity  to  the  vertical,  the  movement 
being    anticlockwise.      This    change    in    the    bullet's    obhquity    has    been 


*  Rotation  around  its  axis  should  have  been  revealed  by  the  relative  positions  of  the  small 
projection  of  the  bullet  at  its  base  (see  Fig.  6)  ;  unfortunately  the  shadow  of  the  l)ullet's  base 
waa  nearly  always  in  part  obscured  by  the  raised  dome  of  the  diaphragm  in  expiration. 
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measured  and  the  change  of  angle  compared  with  that  occurring  in  the 
electrical  axis  of  the  heart.  The  two  changes  were  found  to  be  identical  in 
the  erect  position  of  the  patient,  but  showed  a  conspicuous  divergence  while 
the  patient  sat. 

4.  It  is  thought  to  be  improbable  that  movement  of  the  electrical 
axis  of  the  electrocardiogram  resulting  from  respiration  necessarily  gauges 
accurately  the  movement  of  the  heart's  anatomical  axis. 
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Fig.  :S.  Electrocardiogriiins  from  the  three  cvistoMiarv  learls  :  tlie  group  to  tlie  left  lieiiig  taken 
in  full  expiration  and  that  to  the  right  in  full  inspiration  :  the  jiatient  was  in  the  erect 
postiu-e.    Time  in  fiftlis  of  a  second.    The  ordinates  are  on  the  scale  of  1  cm.  =   1  millivolt. 


Fig.  4.  A  skiagram  (half  natural  size)  taken  from  the  patient  in  the  erect  posture  and  dining 
full  inspiration.  The  exposure  was  0  seconds  ;  both  the  systolic  (S\  and  diastolic  {D) 
positions  of  tlie  bullet  are  sliown.    Lsed  in  the  construction  of  Fig.  1. 
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THE     VESSELS     CONCERNED     IN     CLINICAL     "CAPILLARY 
PULSATION."* 

By  J.  J.  SUMBAL  (of  Bratislava). 

(From  the   Cardiac  Department,    University   College   Hospital 
Medical  School.) 


The  clinical  phenomenon  known  as  "  capillary  pulsation  "  was  first 
adequately  described  by  Quincke  in  the  year  1868-70,  and  was  attributed 
by  him  to  pulsation  transmitted  from  the  arterioles  into  the  capillaries. 
To  Quincke's  first^  and  second^  account  of  "  capillary  pulsation  "  we  owe 
most  of  our  present  knowledge  of  this  phenomenon  ;  he  emphasised  especially 
its  frequence  in  aortic  disease.  Of  late  years  Lombard*  and  others  have 
shown  that  certain  capillaries  of  the  human  skin  may  be  rendered  visible 
under  the  microscope  by  adequate  illumination,  and  that  the  movement 
of  the  blood  cells  in  these  capillaries  can  be  studied  directly.  Freelander 
and  Lenhart,"  using  this  method,  have  watched  the  blood  flow  in  the  small 
crescent  of  skin  which  covers  the  base  of  the  finger  nail  and  have  stated 
their  belief  that  in  cases  of  aortic  regurgitation  they  have  seen  the  blood 
flow  in  the  capillaries  alter  with  the  beat  of  the  heart.  These  writers 
api^eared  to  lack  conviction,  for,  as  they  explain,  owing  to  rhythmic 
movement  of  the  whole  field  of  the  capiUary  loops,  the  events  were  not  easy 
to  follow.  The  same  difficulties  are  referred  to  by  Jurgensen^,  who  also 
believes  he  has  seen  a  true  capillary  pulse  in  a  case  of  aortic  disease.  These 
observations  have  been  repeated  bj'  Boas^,  who  comes  to  more  definite 
conclusions.  He  states  that  at  the  heart  beat  the  loops  of  capillaries  in 
the  nail  bed  move  forward  and  that  they  also  move  up  towards  the  microscope. 
Pulsation  in  the  blood  column  he  had  not  seen,  even  when  the  capillaries 
were  submitted  to  different  external  pressures. 

He  considers  that  previous  workers  had  merely  observed  movements 
of  the  nail  bed  as  a  whole  or  had  been  confused  by  these.  Boas  ascribes 
"  capillarj'  pulsation  "  to  pulsation  in  the  small  veins,  believing  that  these 
pulsate  because  they  anastomose  directly  with  arterioles.  He  quotes 
evidence  that  these  anastomoses  do  exist. 

*  Observations  undertaken  on  behalf  of  the  Medical  Research  Council. 
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Boas's  view  seems  tenable  only  if  it  be  admitted  that  the  colour  of  the 
skin  or  other  structure  exhibiting  so-called  "  capillary  pulsation  "  is 
attributable  to  the  venules  rather  than  to  the  capillaries  ;  and  the  last  view 
also  Boas  appears  to  accept.  Now  "  capillary  pulsation  "  is  a  phenomenon 
which  is  seen  in  many  parts  of  the  body  ;  thus,  it  is  not  only  seen  in  the 
finger  nails  and  mucous  membrane  of  the  lij^s  when  these  are  pressed  ui^on, 
and  in  the  skin  taches  obtained  by  stroking,  but  it  occurs  spontaneously  in 
the  skin  of  the  forehead  and  cheeks.  There  are  cases  of  aortic  regurgitation 
in  which  the  whole  face  flushes  with  each  heart  beat,  and  so  vividly  that  the 
flush  may  be  observed  at  many  yards  distance.  Before  accepting  the 
conclusion  put  forward  by  Boas  it  is  necessary  to  acknowledge  that  all  those 
parts  in  which  the  colour  waxes  and  wanes  with  the  heart  beat,  are  coloured 
by  the  blood  of  the  venules,  rather  than  by  that  of  the  capillaries.  This 
assumption  is  one  with  which  it  is  difficult  to  agree.  It  is  correspondingly 
difficult  to  understand,  therefore,  why  pulsatile  flow  in  the  capillaries  could 
not  be  shown  without  difficulty. 

The  confusing  and  general  movements  of  the  nail  bed  seen  under  the 
microscojDe  in  aortic  disease  may  be  largely  controlled  by  lightly  embedding 
the  finger  in  plasticine.  Having  examined  several  cases  in  this  way,  we 
came  to  the  conclusion  that  pulsatile  flow  in  the  capillaries  may  be  visible 
in  aortic  disease  ;  but  it  is  not  .seen  with  sufficient  frequence  or  with  sufficient 
ease  to  form  a  convincing  and  reliable  demonstration.  A  further  point 
arose  ;  the  skin  overlai^ping  the  nail  bed  is  of  relatively  horny  consistence 
and,  as  clinical  "capillary  pulsation  "  has  not  been  seen  to  occur  in  it,  it  can 
hardly  be  stated  to  occur  there,  even  though  it  is  often  witnessed  in  the  flesh 
imder  the  nail.  Consequently,  if  Boas  is  right,  and  the  capillaries  of  tliis 
skin  do  not  show  pulsation  in  the  blood  column,  his  ob.servation  would  not 
disprove  clinical  "  capillary  pulsation  "  to  be  an  event  in  the  capillaries. 
To  prove  his  case  it  should  be  shown  that  the  capillary  blood  flow  is  uniform 
in  an  area  in  which  the  chnical  "  capillary  pulse  "  is  at  the  moment  visible. 
For  this  reason  the  nail  was  abandoned  and  the  mucous  membrane  of  the 
lower  hp  was  chosen  for  further  observation. 

Method.  A  block  of  wood,  2  inches  thick  and  of  convenient  height  and 
width  is  fixed  vertically  and  a  semicircular  gap  is  cut  out  of  its  upper  edge 
to  receive  the  chin  of  the  patient.  The  gap  in  the  block  is  heavily  hned  with 
plasticine  to  form  a  rigid  but  comfortably  moulded  bed  for  the  chin.  Two 
upright  rods  are  .screwed  to  the  sides  of  the  block,  the  head  coming  between 
them  and  being  securely  bound  to  them  with  inextensible  tapes.  The  head 
and  jaw  are  thus  securely  fixed,  while  the  lip  remains  free  for  observation. 
The  microscope  is  fitted  so  that  its  mechanical  stage  holds  a  glass  slide 
rigidly,  and  so  that  the  micro.scope  can  be  raised  or  lowered  as  a  whole  by 
means  of  a  fine  adjustment.  It  is  placed  immediately  in  front  of  the  holder 
for  the  patient's  head  and  lowered  until  the  glass  platform  comes  in  contact 
with  the  patient's  lower  lip,  on  which  a  little  cedar  wood  oil  is  placed.     The 
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lip,  covered  bj"  the  glass  platform,  is  thus  brought  into  the  field  of  the 
microscope ;  the  degree  of  pressure  exerted  on  the  li]]  is  nicely  controlled  by 
gradually  raising  or  lowering  the  whole  microscojae  ;  such  changes  in  pressure 
as  are  introduced  throw  the  cajjillarics  but  little  out  of  focus.  The  field  of 
observation  may  be  changed  within  sufficient  limits  by  moving  the  mechanical 
stage  up  and  down  or  from  side  to  side.  A  paper  shield  guards  the  lens  and 
glass  platform  from  condensation  of  water  as  the  patient  breathes.  The  lip  is 
illuminated  by  a  brilliant  beam  of  light  thrown  from  an  arc  lamp  at  the  side. 
A  plain  glass  platform,  if  suitably  arranged,  serves  sufficiently  to  fix  the  Up 
by  pressure,  and  in  most  instances  lateral  or  forward  pulsation  of  the  lip  as  a 
whole  with  the  heart  beat  is  avoided  ;  up  and  down  pulsation  of  the  tissues 
is  prevented  by  the  same  contact.  The  avoidance  of  pulsatile  movements 
of  the  lips  as  a  whole  is  imperative,  otherwise  such  pulsation  much  confuses 
the  interpretation  of  events  seen  in  the  capillaries.  When  correctly  arranged, 
the  capillaries  are  well  seen  and  remain  stationary  in  the  field,  and  intrinsic 
movements  of  them  are  studied  with  facility. 

Focussing  downwards,  the  capillaries  wliich  first  come  into  view  are 
simple  loops  ;  they  are  seen  end  on  or  more  or  less  obliquely  ;  some  loops 
are  more  complex.  Under  the  glass  plate,  portions  of  a  large  number  of 
loops  are  brought  into  one  focal  plane.  The  lip  may  be  viewed  direct  at  any 
moment,  and  thus  the  observer  may  be  as.sured  while  looking  through  the 
microscope  that  clinical  capillary  pulsation  is  present  in  the  field  observed. 

Microscopic  ajypearances  of  clinical  capillary  pulsation.  The  field  as  a 
whole,  with  the  lip  slightly  out  of  focvis,  is  of  a  pink  colour  varying  in  depth 
mainly  with  the  degree  of  pressure  exerted.  This  pink  flush  also  varies  in 
depth  with  the  beat  of  the  heart,  the  deepest  flush  appearing  a  short  interval 
after  each  carotid  pulse.  The  uniform  colour  of  the  lip  resolves  itself,  as 
focus  is  changed,  into  the  outlines  of  capillary  loops  at  varying  depths,  and 
attention  now  fixes  itself  upon  individual  loojjs.  The  events  in  these 
loops  vary  according  to  their  state  of  distension,  a  factor  which  is  chiefly 
controlled  by  the  degree  of  outside  pressure  exerted  upon  them.  If  the  ends 
of  well  distended  loops  are  focussed  and  these  loops  are  seen  on  end,  these 
ends  have  a  bulbous  appearance.  If  these  irregidarly  bulbous  ends  are 
watched,  it  is  frequent  to  see  in  them  a  perfectly  clear  rhj-thmic  expansion 
and  contraction  with  each  heart  beat.  When  well  distended  loops,  lying 
more  obliquely  in  the  field,  are  viewed,  rhythmical  expansion  or  contraction 
of  the  ends  of  the  loops  is  usually  to  be  seen  clearly,  and  sometimes  it  is 
possible  also  to  define  expansile  swelling  of  one  or  both  capillaries  forming 
the  limbs  of  the  loop  ;  if  seen  in  one  limb  only,  this  is  always  the  afferent 
vessel  ;  in  such  instances  expansile  pulsation  in  the  efferent  vessel  is  more 
difficult  to  detect  or  does  not  occur.  From  time  to  time  the  dark  red  bulbous 
end  of  a  loop  appears  and  disappears  in  rhythmic  fashion,  and  its  appearance 
and  disappearance  is  not  the  result  of  rhythmic  change  of  focus,  but  is  due 
to  filling  and  emptying.     In  the  more  complex  loops  there  may  be  several 
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bulbous  or  angular  tui-ning  points ;  in  such,  the  turning  points  on  the  afferent 
side  of  the  loop  are  often  seen  to  show  expansile  pulsation,  while  those 
on  the  efferent  side  may  not  exhibit  it.  In  less  distended  loops,  jDresumably 
those  under  greater  pressure,  the  passage  of  blood  corpuscles  through  the 
cajMIlaries  is  clearly  visible,  red  and  white  cells  being  seen  as  they  flow 
through.  In  some  capillaries  the  flow  is  extremely  rapid  and  is  identified 
mainly  by  the  occasional  passage  of  the  more  highly  refractile  white  cell  ; 
in  these  pulsatile  flow  is  difficult  to  recognise.  Where  the  current  is  less 
rapid,  an  acceleration  having  the  rhythm  of  the  heart  beat  is  discerned 
without  difficulty,  the  rapid  flow  checks  and  accelerates  regularly.  When  the 
flow  is  slower  still,  it  is  not  infrequent  to  see  it  cease  (or  even  reverse)  and 
proceed  rhythmically  -nlth  the  heart  beat.  These  last  events  are  not  in- 
frequently seen  to  occur  throughout  the  whole  loop,  including  afferent  and 
efferent  Umbs.  Attention  to  the  distance  separating  two  capillaries  of  a 
loop  which  lie  close  together,  often  shows  that  these  fly  a  little  apart  and 
then  fall  nearer  together  again  with  each  heart  beat. 

According  to  the  lie  of  the  looi)  and  according  to  its  state  of  disten- 
tion, one  or  other  of  the  events  described  is  to  be  seen  in  almost  every 
capillary  loop  in  the  fleld,  providing  that  clinical  capillary  pulsation  is 
visible  in  the  area  of  mucous  membrane  under  the  objective.  Acceleration 
of  the  blood  flow  with  the  heart  beat  is  also  seen  at  times  even  when  cajjillary 
pulsation  is  not  visible  without  magnification. 

Pulsations  of  the  kinds  described  have  been  clearly  seen  in  the  lips  of 
the  only  9  cases  of  aortic  regurgitation  examined.  These  cases  have  been 
cases  of  free  aortic  regurgitation,  in  the  sense  that  all  presented  the  water- 
hammer  pulse,  low  diastohc  pressures,  and  high  pulse  pressures.  The  events 
have  been  witnessed  and  agreed  to  by  the  remaining  workers  in  the  laboratory 
and  have  been  demonstrated  to  numbers  of  the  hospital  students,  and  to 
members  of  the  Physiological  Society  at  their  meeting  on  March,  17th,  1923. 

Summary. 

1.  Ohnical  capillary  pulsation  of  the  lip  as  this  is  seen  in  cases  of  free 
aortic  regurgitation,  is  found  when  placed  under  a  2/3  objective  to  be  a 
phenomenon  of  the  capillaries  themselves.  The  details  of  the  pulsatile  flow 
in  the  capillaries  are  described,  as  is  also  the  method  of  examining  the  lip. 
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THE    EFFECT    OF    DRINKING    ICED-WATER    UPON    THE    FORM 
OF   THE    T  DEFLECTION    OF   THE    ELECTROCARDIOGRAM. 

By  FRANK  N.  WILSON  and  RUSSEL  FINCH. 

{From  the  Department  of   Internal  Medicine,    University  of  Michigan 
Medical  School,  Ann  Arbor.) 


It  has  been  shown  repeatedly  that  local  cooling  or  warming  of  the  surface 
of  the  ventricles  has  a  profound  effect  upon  the  form  of  T  of  the  electro- 
cardiogram as  well  as  upon  the  end-phase  of  the  base-apex  electrogram. 
When  the  end-phase  of  the  latter  is  originally  negative  it  becomes  positive 
on  warming  the  apex  (Mines").  Warming  the  apex  has  a  similar  effect 
upon  T  of  the  electrocardiogram  in  axial  leads.  Cooling  the  apex,  on  the 
other  hand,  modifies  T  in  the  opposite  direction  (Smith^).  The  changes 
in  T  produced  by  coohng  the  base  of  the  right  ventricle  are  the  reverse  of 
those  produced  bj'  cooUng  the  apex  of  the  left  ventricle,  but  are  of  lesser 
magnitude.  Coohng  the  surface  of  the  heart  greatly  delays  the  recovery 
from  the  refractory  state  of  the  superficial  layers  of  muscle  in  the  region 
cooled.  The  deeper  layers  of  muscle  appear  not  to  be  affected  (Wilson  and 
Herrmann*).  The  changes  in  T  under  discussion  are  not  accompanied  by 
changes  in  the  form  of  the  initial  deflections  {Q,  R  and  S)  of  the  electro- 
cardiogram. 

The  magnitude  of  the  changes  in  T,  jiroduced  in  animals  by  moderate 
cooUng  of  the  apex  of  the  left  ventricle,  led  us  to  suspect  that  similar  changes 
might  result  in  man  from  the  drinking  of  iced- water. 

Five  experiments  were  made.  The  subjects  were  normal  adult  men. 
A  control  electrocardiogram  was  made  in  each  instance  wliile  the  subject  was 
Ijing  on  a  couch  ;  this  posture  was  adopted  because  the  success  of  the 
experiment  depends  upon  the  proximity  of  the  fundus  of  the  stomach  to  the 
apex  of  the  heart.  The  subject  then  drank  three  glasses  (about  600  cc.) 
of  iced-water  (temperature  about  40°F.)  and  a  second  electrocardiogram 
was  made  with  as  little  delay  as  possible.  In  order  to  rule  out  the 
possible  effect  of  distention  of  the  stomach  upon  the  position  of  the  heart, 
and  hence  upon  the  form  of  the  electrocardiogram,  the  experiment  was 
subsequently  repeated,  hot  lemonade  being  substituted  for  the  iced-water. 
In  all  experiments  the  drinliing  of  iced-water  jjroduced  consj)icuous  changes 
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in  the  form  of  T  in  leads  / /  and  III.  T  oi  lead  /  was  not  definitely 
changed  (Fig.  1).  T'^  decreased  in  height  and  T^  became  inverted  or  more 
negative  if  it  was  already  inverted  in  the  control  curve.  The  effect  gradually 
wore  off  and  disappeared  in  ten  to  fifteen  minutes.  The  drinking  of  a 
similar  quantity  of  hot  lemonade  was  without  effect  in  all  instances.  In 
one  instance  an  ice-jjack  was  appUed  to  the  precordium  for  a  half-hour  ; 
it  had  no  effect  upon  the  form  of  the  electrocardiogram. 
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Fig.   1.     (  X  2)     A.     Control  electrocardiogram.        B.     Electrocardiogram  after  drinking  three 
glasses  of  iced-water.     T-  is  reduced  in  height  and  2"   is  inverted  ;    T'  is  not  altered. 


In  order  to  determine  the  part  of  the  heart  cooled  by  the  iced-water, 
one  of  the  subjects  drank  three  glasses  of  a  barium  mixture  and  was  examined 
with  the  fluoroscope  while  in  the  same  posture  used  in  the  experiments. 
An  X-ray  photograph  was  also  made,  and  an  outline  drawing  of  the  plate 
is  shown  in  Fig.  2.  The  blackened  area  indicates  the  portion  of  the  heart's 
posterior  surface  which  came  into  close  contact  with  the  distended  fundus 
of  the  stomach.  Our  experiments  evidently  involved  the  cooUng  of  the 
postero-inferior  aspect  of  the  apex  of  the  left  ventricle.  It  is  clear,  therefore, 
that  cooUng  the  apex  of  the  left  ventricle  produces  in  axial  leads  approxi- 
mately the  same  effect  in  man  that  it  produces  in  the  dog. 

The  most  generally  accepted  explanation  of  the  effects  of  cooling  or 
warming  the  apex  of  the  heart  upon  the  form  of  T  is  substantially  that  given 
by  Mines^.  According  to  this  conception,  T  is  produced  by  unbalanced 
electrical  forces  incident  to  the  decline  of  the  excitation  process.  All  of  the 
ventricular  muscle  passes  into  the  excited  state  during  the  Q  R  S  interval, 
and  at  the  end  of  this  period  all  of  the  ventricular  muscle  is  equally  active 
and  of  the  same  electrical  potential.  The  return  to  the  resting  electrical 
state  does  not  take  place  uniformly  and  simultaneously  at  all  points,  so  that 
differences  in  potential  arise,  the  still-active  muscle  being  relatively  negative 
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with  reference  to  that  which  has  already  completed  its  electric  response. 
The  form  of  T  depends  upon  the  order  in  which  various  regions  of  the 
ventricular  muscle  complete  their  electric  activity  ;  if  the  apex  of  the  left 
ventricle  returns  to  the  resting  state  in  advance  of  the  base  of  the  right 
ventricle  T  is  positive  in  axial  leads  ;  if  the  base  of  the  right  ventricle  com- 
pletes its  electrical  response  in  advance  of  the  apex  of  the  left,  T  is  negative 
in  axial  leads.  Local  modifications  of  the  temperature  of  the  ventricular 
surface  alter  T  through  their  effect  upon  the  electric  response  of  the  muscle 
affected  ;  cooUng  prolongs  the  electric  response,  warming  shortens  it. 


Fig.   2.     Outline  tlrawing  of  Routgenogram  showing  the  part  of  tlie  posterior  surface  of  tlie 
lieart  whicli  came  into  close  contact  with  the  distended  fimdus  of  the  stomach. 


It  should  be  noted  here  that  the  effect  of  variations  in  the  temperature 
of  heart  muscle  upon  the  form  of  the  electric  response  has  not  been  worked 
out  in  detail.  It  is  possibly  similar,  however,  to  the  effect  of  temperature 
changes  upon  the  (monophasic)  electric  response  of  other  tissues.  Adrian's^ 
figures  show  that  coohng  greatly  prolongs  the  duration  of  the  electric  response 
of  nerve  and  of  skeletal  muscle  ;  the  rise  and  the  decline  of  the  electric 
response  are  both  slowed,  but  the  latter  is  affected  much  more  than  the 
former.  The  magnitude  of  the  electric  response  ajjpears  not  to  be  greatly 
modified  by  changes  in  temperature. 

Tills  explanation  of  the  origin  of  T  and  of  the  effect  of  local  changes  in 
the  temperature  of  the  ventricular  surface  upon  it  is  strongly  supported  by 
the  work  of  Wilson  and  Herrmann.*  It  must  be  admitted,  however,  that 
many  details  must  be  worked  out  before  we  shall  have  an  adequate  idea  of 
the  manner  in  which  this  deflection  is  built  up  and  of  the  causes  of  its  many 
variations  in  form.     The  effect  of  drinking  iced-water  upon  the  form  of  the 
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electrocardiogram  is  important,  so  it  seems  to  us,  in  that  it  enables  us  to 
correlate  a  definite  type  of  change  in  T  of  the  human  electrocardiogram 
with  a  prolongation  of  the  electric  response  of  a  known  region  of  ventricular 
muscle.  It  may  eventually  serve  as  a  key  to  the  locaUsation  of  the  muscle 
disturbances  wliich  so  frequently  give  rise  to  changes  in  the  form  of  T  in 
human  heart  disease.  It  must  be  insisted  that  the  changes  in  T  under 
discussion  shall  not  be  confused  with  those  changes  in  T  that  accompany 
changes  in  the  form  oi  Q  E  S.  The  former  may  be  termed  primary  changes 
in  T ;  they  are  almost  certainly  due  to  disturbances  in  the  function  of 
fairly  large  regions  of  ventricular  muscle.  The  latter  may  by  contrast  be 
termed  secondary  changes  in  T  ;  they  are  secondary  to  changes  in  the  form 
oi  Q  R  8  and  have  the  same  significance. 


Conclusions. 

The  drinking  of  iced-water  produces  conspicuous  changes  in  the  form  of 
T  of  the  electrocardiogram  in  man.  These  changes  consist  in  a  decrease 
in  the  height  of  T  in  lead  1 1  and  inversion  of  T  in  lead  /  /  /,  the  form  of  T 
in  lead  /  is  not  altered. 

These  effects  are  the  result  of  cooUng  the  postero-inferior  surface  of  the 
apex  of  the  left  ventricle,  which  comes  into  close  contact  with  the  distended 
fundus  of  the  stomach. 
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AN     UNUSUAL     EXAMPLE     OF     PAROXYSMAL     TACHYCARDIA 
WITH   GRADUAL   SLOWING   OF   RATE. 

By   H.   M.   MARVIN. 

{From   the    Department   of  Internal    Medicine,    Yale    University   School   of 
Medicine,  New  Haven,  Conn.) 


Paroxysmal  tachycardia  is  a  disorder  which  previous  experience  has  shown 
to  exliibit  certain  distinctive  characters.  Of  these  characters,  perhaps  the 
most  striking  are  abruptness  of  onset  and  offset  and  constancy  of  rate  during 
the  paroxysm.  The  following  case  is  reported  chiefly  because  it  illustrates 
an  abnormaUty  wliich  is  apparently  very  uncommon,  perhaps  unic[ue  ;  the 
rate  of  the  heart  during  the  paroxysm  showed  a  steady  dechne  over  a 
period  of  five  days,  without  ajipreciable  change  in  the  underlying  mechanism. 
There  are  several  other  points  of  interest  in  connection  with  the  case,  to 
which  attention  will  be  directed. 

History.  M.  K.,  a  married  Russian  Jew%  of  52,  a  roofer  by  occupation, 
entered  the  New  Haven  Dispensary  on  November  the  11th,  1921,  com- 
plaining of  weakness,  cough,  and  shortness  of  breath.  He  said  that  on  the 
previous  evening,  at  five  minutes  after  ten  o'clock,  his  heart  had  suddenly 
given  a  big  "  thump  "  against  liis  chest,  and  then  commenced  to  beat  very 
rapidly.  He  became  greatly  alarmed,  felt  weak,  and  fainted  about  five 
minutes  after  the  onset.  He  was  placed  in  bed,  and  soon  recovered  con- 
sciousness, but  was  unable  to  sleep  all  night  because  of  the  violent  and 
rapid  beating  of  the  heart  and  a  sense  of  oppression  beneath  the  upper 
sternum.  Shortness  of  breath  became  noticeable  several  hours  after  the 
onset.  At  the  time  of  admission  to  the  dispensary  his  weakness  was  less 
conspicuous,  but  the  jjalpitation  and  dysimoea  were  sKghtly  greater. 

Past  history.  The  patient  did  not  recaU  any  acute  illnesses.  For  the 
past  three  or  four  years  he  had  suffered  from  a  chronic  cough,  with  sUght 
expectoration.  Tliis  cough  was  much  worse  during  the  winter.  He  had  also 
been  troubled  for  two  years  with  severe  pain  in  the  calves  of  his  legs  after 
walking  a  short  distance. 
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Examination  at  that  time  showed  moderate  dyspnoea  and  orthopncea. 
There  was  cyanosis  of  the  lips,  but  none  of  the  nail-beds  of  the  fingers.  The 
cervical  veins  were  pulsating  rapidly,  even  with  the  patient  sitting  upiight. 
There  was  no  abnormal  distention  of  the  veins  over  the  anterior  thoracic 
wall  or  in  the  upper  arms.  The  thorax  showed  a  definite  increase  in  the 
antero-posterior  diameter  ;  it  was  hyperresont  throughout ;  slight  prolon- 
gation of  the  expiratory  murmur  and  fine  crackling  rales  were  heard  at  both 
lung  bases  posteriorly.  The  impulse  of  the  heart  could  be  seen  and  felt 
diffusely  over  a  fairly  large  area  in  the  fourth  and  fifth  left  interspaces  ;  the 
point  of  maximal  intensity  could  not  be  determined.  The  left  border  of 
percussion  dulness  was  16  cm.  from  midsternura  in  the  fifth  left  space. 
The  sounds  were  rapid  and  regular,  diminished  in  intensity  and  almost 
tic-tac  in  quality.  The  rate  was  counted  at  174  per  minute  by  several 
different  observers.  No  murmiu-s  or  thrills  were  distinguished.  There  was 
moderate  sclerosis  of  the  radial  and  brachial  arteries.  No  pulsation  could 
be  detected  in  the  dorsalis  pedis  arteries.  The  brachial  blood  pressure  was 
90  systoHc  and  70  diastolic.  The  liver  edge  and  spleen  were  not  felt.  There 
was  no  subcutaneous  oedema  of  the  extremities  or  lower  back.  The 
temperature  was  97-6°,  and  the  respirations  were  44  per  minute. 

The  tentative  diagnosis  was  generahsed  arteriosclerosis,  with  intermittent 
claudication  from  involvement  of  the  leg  arteries  ;  arteriosclerotic  heart 
disease  ;  paroxysmal  tachycardia  ;  chronic  bronchitis  and  emphysema. 

Admission  to  the  hospital  was  immediate,  and  the  electrocardiogram 
shown  in  Fig.  2  was  obtained.  The  rate  in  that  record  was  172-7  per  minute. 
A  roentgenogram  taken  with  the  tube  two  metres  from  the  patient  showed 
considerable  enlargement  of  the  heart  in  all  diameters,  most  markedly  of 
the  left  ventricle.  The  total  transverse  diameter  was  19  cm.  ;  the  internal 
diameter  of  the  thorax  was  29  cm.. 

During  the  paroxysm  the  red  blood  cells  numbered  4,640,000,  the  white 
cells  13,700  per  cubic  milhmetre  on  admission,  with  69  per  cent,  poly- 
morphonuclears ;  the  hoemoglobin  was  80  per  cent.  Wliite  cells  numbered 
only  10,700  on  the  second  day.  The  urine  was  of  clear  amber  colour,  acid  ; 
its  specific  gravity  was  1,023  to  1,028  ;  it  contained  a  slight  trace  of  albumin 
at  one  examination.  The  sediment  showed  many  urate  crystals  and  on  one 
examination  a  few  white  blood  cells.  The  excretion  of  phenolsulphonethalein 
in  two  hours  and  ten  minutes  after  the  intramuscular  injection  of  1  cc.  of 
the  dye  was  45  per  cent,  (normal  60-65).  Blood  urea  nitrogen  was  28  mgm. 
(normal  10-18)  and  the  non-protein  nitrogen  53  mgm.  per  100  cc.  of  blood 
(normal  20-40). 

The  vital  capacity,  recorded  with  a  Sanborn  spirometer,  was  1,400  cc, 
32  per  cent,  of  normal. 

Clinical  course.  During  the  first  day  of  the  paroxysm  the  patient  was 
afebrile,  but  on  the  afternoon  of  the  first  day  the  temperature  rose  to 
100-8°  (mouth).     For  the  following  six  days  the  temperature  was  slightly. 
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hut  constantly,  elevated.  The  range  was  from  99-4°  to  102°,  and  its  tendency 
steadily  downward  ;  it  reached  normal  on  the  seventh  day  and  remained  so 
until  ciiscliarge.  The  heart  rate  remained  constant  within  two  beats  per 
minute,  as  judged  by  counts  with  a  stethoscope  and  frequent  electrocardio- 
grams, for  three  days.  During  this  time  repeated  efforts  were  made  to  stop 
the  tachycardia  by  means  of  vagal  stimulation  ;  pressure  on  the  vagi  in  the 
carotid  sheath,  pressure  on  the  eyes,  repeated  rapid  swallowing,  various 
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Chart  showing  daily  variations  in  vital  capacity.     Arrow  indicates  point  at  wliicli 
paroxysm  ended. 


types  of  forced  respiration,  and  induced  vomiting  were  all  ineffective.  On 
the  fourth  daj'  the  heart  rate  had  dropped  to  less  than  160.  An  electro- 
cardiogram (Fig.  3)  showed  a  rate  of  155-2  per  minute.  On  the  following 
day,  the  fifth  of  his  stay  in  hospital,  the  heart  rate  was  counted  at  144,  and 
an  electrocardiogram  showed  a  rate  of  147.  On  the  sixth  day  the  cUnical 
count  was  132  and  an  electrocardiogram  (Fig.  4)  showed  a  rate  of  135.  On 
the  seventh  day  the  clinical  count  was  124,  but  no  graphic  record  was 
secured.    On  the  morning  of  the  eighth  day  the  rate  was  found  to  be  70,  and 
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the  electrocardiogram  revealed  a  return  to  normal  mechanism  (Fig.  5). 
The  chnical  rates  as  here  recorded  are  those  of  the  writer,  confirmed  in  all 
instances  by  other  observers. 

The  patient  was  discharged  on  November  the  26th,  fifteen  days  after 
entrance,  entirely  comfortable  except  for  the  cough  which  had  been  present 
for  some  months.  He  was  observed  at  frequent  intervals  in  the  disjiensary 
until  the  time  of  his  next  entry,  his  complaints  being  cough  and  pain  in  the 
legs  on  walking  (he  suffered  from  classical  intermittent  claudication).  At 
no  time  did  his  heart  rate  exceed  80,  and  it  was  always  regular  except  on  one 
occasion  when  he  showed  junctional  premature  beats. 

On  July  the  16th,  1922,  eight  months  after  the  original  paroxysm,  the 
patient  reported  at  the  dispensary  in  very  much  the  same  condition  as  when 
first  seen.  His  heart  rate  was  170  and  regular  ;  he  showed  signs  of  moderate 
heart  failure,  with  dyspnoea,  orthojmoea,  moderate  cyanosis,  rales  at  both 
lung  bases  and  sUght  pretibial  cedema.  The  paroxysm  of  tachycardia 
stopped  abruptly  in  the  jiresence  of  the  writer  while  electrodes  were  being 
attached  for  an  electrocardiogram.  The  patient  stated  that  the  attack  had 
started  suddenly  three  days  previously  at  about  9.30  p.m.  after  the  same 
fashion  as  the  first,  and  the  symptoms  during  the  maintenance  of  the  rapid 
rate  had  been  identical  with  those  noted  during  the  previous  paroxysm  : 
palpitation,  substeriial  oppression,  cUzziness,  shght  pain  over  the  hver, 
dyspnoea  and  orthopnoea,  and  increase  in  the  severity  of  his  chronic  cough. 

Seventeen  days  later,  on  August  the  2nd,  the  patient  again  presented 
himself  with  the  same  signs.  He  said  that  a  third  attack,  similar  in  its  onset 
and  symptomatology,  had  begun  in  the  late  afternoon  of  July  the  31st. 
He  had  been  even  more  cUstre.ssed  than  on  the  two  previous  occasions,  but 
was  reluctant  to  enter  the  hospital,  and  waited  hopefully  for  a  spontaneous 
cessation.  His  concUtion  had  rapidly  become  worse,  and  a  physician  had 
persuaded  him  to  seek  hospital  care. 

At  the  time  of  this,  his  second  entry,  the  signs  and  symptoms  were 
almost  exactly  as  recorded  for  the  first  admission.  The  heart  rate  was 
counted  at  170  ;  electrocardiogram  showed  it  to  be  168  (Fig.  6).  With  the 
consent  of  the  patient,  he  was  left  without  treatment  for  two  days  to  see 
if  the  rate  would  again  fall  gradually.  At  the  end  of  the  second  day  the 
symptoms  and  signs  of  heart  failure  were  increasing  so  rapidly  that  repeated 
attempts  were  made  to  end  the  attack  by  vagal  stimulation.  All  efforts 
failed.  On  the  following  day,  quinidine  sulphate  was  given  in  doses  of 
0-4  gm.  at  2.30,  4.30,  7.15  and  9.15  p.m.  Before  the  administration  of  the 
first  dose  the  heart  rate  was  166.  At  4.30  the  rate  was  150,  at  6.30  it  was 
144,  and  at  10.0  p.m.  it  was  still  144.  At  1.30  a.m.  it  had  dropped  to  70. 
All  of  these  counts  were  made  at  the  apex  of  the  heart  by  the  physician  in 
charge  of  the  ward. 

A  roentgen-ray  plate  of  the  heart  taken  during  this  paroxysm,  at  a  time 
when  there  were  conspicuous  signs  of  heart  failure,  showed  the  heart  shadow 
to  be  of   the  same  size  and  shape  as  that  taken  eight  months  previously 
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in  a  similar  manner.  Another  similar  plate  was  taken  some  daj's  after  the 
return  to  normal  mechanism,  when  the  signs  of  failure  had  largely  disappeared, 
and  there  was  no  change  in  the  outUne  or  measurements.  The  absence  of 
enlargement  is  in  keei^ing  with  the  findings  in  Levine  and  Golden's  cases^. 

Observations  on  the  vital  capacity  were  made  daily  at  the  same  hour 
by  the  same  observer,  and  the  results  are  shown  in  the  accomjianying  chart. 
The  figures  represent  the  percentage  which  the  observed  vital  capacity  bears 
to  the  calculated  normal,  calculated  on  the  basis  of  surface  area  of  the  body^. 
A  Sanborn  spirometer  was  used.  It  will  be  noted  that  the  vital  capacity 
steadily  decreased  as  the  tachycardia  continued,  although  considerably 
depressed  at  the  time  of  entrance.  This  fall  in  vital  capacity  continued  for 
three  days  after  the  end  of  the  paroxysm,  but  its  rise  was  coincident  with 
the  first  clear  signs  of  chnical  improvement. 

The  blood  pressure  during  the  paroxysm  varied  sHghtly,  but  averaged 
about  96  systolic  and  68  diastolic.  There  was  but  a  moderate  rise  in  the 
systolic  pressure  after  the  termination  of  the  tachycardia,  the  average 
reading  being  108  systolic,  68  diastoUc. 

The  phthalein  output  during  the  paroxysm  was  76  per  cent,  in  two  hours 
and  ten  minutes  ;  five  days  after  the  end  of  the  tachycardia  it  had  risen  to 
82  per  cent.  The  urine  was  constantly  negative,  as  on  previous  occasions, 
except  for  a  sHght  trace  of  albumin  during  the  stage  of  congestive  failure. 

Daily  counts  of  the  white  blood  cells  showed  a  sHght  but  progressive 
decrease.  On  the  day  of  admission  the  total  count  was  13,500,  with 
64  per  cent,  polymorphonuclears.  On  the  four  following  days  the  counts 
were  11,600,  10,500,  10,500,  9,200. 

The  temperature  curve  was  similar  to  that  obtained  during  the  first 
visit  to  the  hospital  ;  there  was  no  fever  until  the  late  afternoon  of  the  first 
day  in  the  hospital,  when  the  temperature  rose  to  100.  This  was  twenty-four 
hours  after  the  beginning  of  the  paroxysm.  For  the  following  eight  days  it 
fluctuated  between  normal  and  100-6°,  reaching  normal  on  the  fifth  day 
after  the  conclusion  of  the  tachycardia. 

There  was  steady  improvement  in  liis  clinical  condition  until  his 
discharge  eighteen  days  after  admission.  Since  that  time  he  has  been 
followed  at  frequent  intervals  for  almost  a  year,  and  there  have  been  no 
further  paroxysms.  The  heart  has  remained  regular  and  slow,  and  the 
patient's  only  comi^laints  have  been  moderate  cough  and  pain  in  the  calves 
of  the  legs  after  walking. 

Discussion  of  electrocardiograms.  The  electrocardiograms  shown  in  the 
first  three  figures  were  obtained  during  the  original  paroxysm.*  All  of  the 
records  wiiich  were  taken  during  the  first  and  second  paroxysms  have 
obvious  similarities  in   the  form  of  the   ventricular  complexes,  which  are 

♦Owing  to  lack  of  definition,  these  tliree- figures  have  been  redra^vn  by  overlining  ;  tlie 
essential  details  of  the  original  curves  have  not  been  modified,  however. 
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highly  abnormal.  That  the  ectoijic  focus  in  this  instance  cUd  not  he  in  the 
auricle  is  indicated  by  the  fact  that  in  jaractically  all  records  auricular  waves 
can  be  discerned  falUng  with  alternate  ventricular  complexes.  They  are 
well  shown  in  leads  //  and  ///  of  Fig.  3  and  in  the  same  leads  of  Fig.  6. 
(All  records  obtained  during  the  second  jDaroxysm  showed  the  characteristics 
noted  in  Fig.  6.)  The  paroxysm  is  considered  to  be  of  ventricular  origin,  and 
these  inverted  auricular  waves  probably  represent  retrograde  impulses 
from  the  ventricle,  with  delayed  conduction  through  the  junctional  tissues. 
Several  instances  of  inidoubted  paroxysmal  ventricular  tachycardia  with 
P  waves  following  every  second  ventricular  complex  have  been  published, 
although  in  most  of  them  the  P  wave  was  incorporated  in,  or  followed  very 
closely,  the  end  of  the  ventricular  complexes^'  ^. 

No  similar  case  has  come  to  our  attention  in  a  review  of  the  reported 
cases  of  paroxysmal  ventricular  tachycardia,  although  Wolferth  and 
McMiUan'  and  Strong  and  Levine*  have  recently  re-emphasised  the  fact 
that  variation  in  the  rate  of  the  paroxysm  may  occur.  It  seems  to  be 
particularly  apt  to  occur  dimng  the  few  seconds  immediately  following  the 
onset  of  the  new  mechanism.  One  case  illustrating  a  "  rapid,  but  not 
immediate,"  onset  and  offset  has  been  pubUshed  by  White'^,  but  the  increase 
and  decrease  in  rate  in  his  case  covered  a  period  of  only  one  or  two  seconds. 

It  is  of  interest  to  note  the  connection  of  fever  with  the  paroxysms. 
During  both  of  the  reported  paroxysms,  and  also  during  a  third  short  one 
which  was  observed  but  is  not  here  presented,  there  was  moderate  fever 
wliich  began  after  the  onset  of  the  tachycardia  and  persisted  for  several 
days  after  its  termination.  There  was  no  demonstrable  evidence  at  any 
time  of  an  infection  other  than  the  chronic  bronchitis  which  had  been  present 
for  years,  but  there  was  a  moderate  leucocytosis  (13,500)  which  quickly 
disappeared.  It  seems  unhkely  that  the  attacks  were  precipitated  by  an 
acute  infection,  in  view  of  the  absence  of  all  symptoms  before  the  onset  and  of 
the  failure  of  fever  to  appear  until  eighteen  hours  or  more  after  the  paroxysm 
had  begun.  Levine  and  Golden-  noted  fever  and  leucocytosis  in  a  number 
of  their  cases,  and  felt  that  the  abnormal  findings  were  to  be  attributed  to  the 
cardiac  cUsturbance  rather  than  to  an  infection. 


Summary. 

A  case  of  paroxysmal  tachycardia  is  reported  in  some  detail,  with 
electrocardiograms  wliich  are  thought  to  indicate  a  ventricular  origin.  The 
interesting  feature  of  the  case  is  the  gradual  slowing  of  the  rate  from  172 
to  124  over  a  peiiod  of  five  days,  without  change  in  the  fundamental 
mechanism  as  shoM'n  by  electrocardiograms.  A  curious  febrile  reaction 
was  witnessed  during  the  paroxysms.  During  the  paroxysms  a  progres,sive 
decrease  in  the  vital  capacity  of  the  lungs  was  noticed,  with  subsequent 
recovery,  but  the  heart  did  not  change  in  size. 
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1'.  Leads  I,  II  and  /^f/.  Rate  172-7.  First  day  of  paroxysm.  Li  tliis  and  all  succeeding 
electrocardiograms  time  is  in  fifths  of  a  .second,  ai\d  distances  between  abscissie  represent 
10  '  volts.  The  rate  in  all  instancft*  has  been  calculated  from  long  strips  of  film  and  not 
from  tlc»j  publislied  figure. 

:i.  Leads  /,  //  and  ///.  Rate  lo.^-17.  l-'ourth  ilay  of  paroxysm.  Tiie  ventricular 
complexes  clo.sely  resemble  tlio.se  of  Fig.  1,  but  the  rate  is  slower  and  there  are  invertetl 
auricular  waves  preceding  every  second  ventricidar  complex  in  Leads  //  anil  ///. 

4.  Usual  three  leads.  Rate  13.5.  Sixtli  day  of  paroxysm.  \'ontricidar  complexes  have 
cliaugetl  slightly  since  preceding  records,  and  there  are  no  auric^nlar  waves  discernible. 

o.  Usual  three  leads.  First  ilay  after  conclusion  of  i)arox\-sm.  Rate  (id.  Note  the 
upright  QRS  complex  in  Lead  /,  and  tlie  protniueut  A'  waves  in  //  ami  ///.  There  is 
some  prolongation  of  intraventricular  conduction  time. 

(i.  Leads  /  and  //  were  i-egistered  several  hours  liefore  Lead  ///.  Rate  l(16-5.  Fourth 
day  of  second  paroxysm.  Xote  the  inverted  waves  preceiling  every  .second  vejilvicnlar 
complex  in  Leads  //  and  ///. 
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THE   EFFECT   OF   BLOOD   PRESSURE   ON  THE   EXTENSIBILITY 
OF  THE   HUMAN   ARTERY. 

By    J.    CRIGHTON    BRAMWELL,*    A.    C.    DOWNING    and 
A.  V.  HILL. 

{From  the  Physiological  Lnboratory,  Manchester.) 


Thk  extensibility  of  an  artery  can  be  measured  by  the  velocity  of  the  pulse 
wave  in  it.  In  a  recent  paper-  Bramwell  and  A.  V.  Hill  gave  an  account  of 
an  experiment,  made  by  simple  mechanical  recording,  on  the  velocity  of  the 
pulse  wave  in  an  isolated  human  artery  at  different  blood  pressures.  It 
was  shown,  as  had  been  calculated  from  Roy's  observations*',  that  the 
velocity  was  low  at  low  pressures,  and  increased  as  the  pressure  was  raised, 
attaining  very  considerable  velocities  at  the  higher  pressures.  In  a 
subsequent  paper  Bramwell,  McDowall  and  McSwinej'^  showed,  on  living 
man,  over  the  range  of  pressures  from  zero  uj)  to  diastolic,  that  the  same 
type  of  increase  of  velocity  with  pressure  occurs. 

The  apparatus  previously  employed  by  Bramwell  and  Hill,  for  obser- 
vations on  an  isolated  artery  was  comparatively  crude,  and  was  not  easy  to 
use.  Since  we  wished  to  take  the  opportunity,  provided  by  the  post-mortem 
room  of  the  Manchester  Royal  Infirmary,  of  making  observations  on  the 
isolated  arteries  of  a  number  of  human  subjects  it  was  desirable  to  adopt  a 
less  difficult  and  more  accurate  method.  This  has  been  based  on  the  use 
of  two  hot-wire  sphygmographs,  emplo^yed  with  the  two  strings  of  an 
Einthoven  galvanometer.  The  first  hot-wire  and  string  mark  the  arrival  of 
the  wave  at  one  end,  and  the  second  hot-wire  and  string  its  arrival  at  the 
other  end  of  the  piece  of  the  artery  used,  the  i3air  of  strings  recording  together 
on  a  rapidly  moving  photographic  plate.  For  purposes  of  measurement  the 
records  were  projected,  by  means  of  a  lantern,  on  to  a  large  sheet  of  mm. 
squared  paper  and  could  be  read  to  about  the  nearest  00003  of  a  sec. 

*  Working  for  tlie  Medical  Research  Council. 
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Details  of  apparatus  and  methods  of  use.  The  apparatus  is  shown  in 
Fig.  1.  Two  thick  brass  tubes  are  clamped  horizontally  in  carriers  fixed 
on  a  heavy  block  of  wood.  Each  ends  in  a  detachable  "adaptor,"  which 
can  be  screwed  tight  to  the  tube  by  a  heavy  brass  nut,  care  being  taken  to 
eliminate  any  space  where  air  bubbles  might  collect  and  contaminate  the 
results.  There  are  three  pairs  of  adaptors,  to  fit  small,  medium  and  large 
arteries.  The  ends  of  the  artery  are  shpped  over  the  ajipropriate  adaptors 
and  firmly  tied  with  thread.  The  adaptors  are  then  tightly  screwed  to  the 
ends  of  the  tubes.  The  tubes  are  undamped  and  adjusted  so  that  a  slight 
tension  is  applied  to  the  artery  and  then  clamped  firmly  again,  long  flexible 
rubber  pipes  being  attached  to  their  ends.  Mercury  is  then  run  backwards 
and  forwards  through  the  whole  apparatus,  sweeping  all  air  bubbles  in  front 
of  it,  and  filling  the  tubes  and  the  artery.  At  one  end  is  a  vertical  glass 
tube,  with  a  scale  on  which  the  pressure  in  the  artery  can  be  read  in  mm.  of 
Hg.  ;  at  the  other  end  is  a  reservoir,  which  can  be  raised  and  lowered  to 
vary  the  pressure  as  desired. 


Fig.  1.     Instrument  employed  for  measuring  time  of  transmission  by  means  of  two  hot  wires. 


Into  the  brass  tubes,  close  to  the  adaptors,  are  screwed  and  brazed  two 
side  pipes.  These  pipes  open  out  into  small  brass  tambours,  over  which 
thin  rubber  is  tightly  stretched.  The  wave  to  be  recorded  causes  a  sudden 
bulge  in  the  rubber  membrane,  which  blows  a  sudden  puff  of  air  down  the 
tube  of  a  hot-wire  sphygmograph,  screwed  into  a  brass  cover  placed  over 
the  side  tube  and  tambour.  This  causes  a  sudden  deflection  of  the  string 
galvanometer  in  the  manner  described  elsewhere^.  The  wave  coming  from 
left  to  right  causes  a  deflection  in  the  left-hand  sphygmograph  almost 
immediately  before  it  enters  the  artery  ;  it  passes  across  the  artery,  and 
almost  immediately  after  reaching  the  other  end  of  the  artery  it  causes  a 
deflection  in  the  right-hand  sphygmograph.     The  interval  between  the  two 
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upstrokes  of  the  record  is  approximately,  therefore,  equal  to  the  time  taken 
in  traversing  the  arte^J^  It  is  only  necessary  to  make  a  small  zero 
correction,  which  is  determined  once  for  all  (for  each  pair  of  membranes 
and  adaptors)  by  connecting  them  end  to  end  with  a  piece  of  rubber  tube 
and  determining  the  interval  required  by  a  wave  to  traverse  the  now 
practically  rigid  pipe.  This  zero  correction  was  only  00025,  00022,  and 
00047  sec,  for  the  large,  medium  and  small  adaptors  respectively,  with 
the  particular  membranes  used  in  this  series  of  experiments. 

The  wave  employed  is  obtained  by  giving  the  rubber  pipe  attached  to 
the  brass  tube  a  sharp  blow  with  the  hand.  Various  mechanical  devices 
were  tried,  but  this  seems  to  be  the  best  method  of  setting  up  the  type  of 
wave  required.  It  is  necessary  to  avoid  shaking  the  instrument,  otherwise 
subsidary  vibrations  appear  on  the  records.  The  rubber,  therefore,  at  the 
point  where  it  is  struck,  Hes  upon  a  very  heavy  block  of  lead,  supported  on  a 
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Fig.  2.  Typical  records  ol.taiiu'.l  Ir.un  the  mstniimnt  of  Vij.  1,  e'liplcya  witli  th.'  iwd  loppcr 
strings  of  an  Einthoven  galvanometer.  Magnification  about  (JO.  Time  marks  in  1/10  sees. 
Read  from  left  to  right.  The  upper  line  in  each  record  shows  the  arrival  of  the  wave  at  the 
left-hand  tambour.  A,  B,  C  and  D  records  obtained  from  a  human  artery.  A,  low 
pressiu'e  (1.5  mm.)  ;  D,  high  pressure  (250  mm.)  ;  B  and  C,  intermediate  pressures.  E,  a 
determination  of  the  zero  correction,  when  the  adajitors  were  connected  dii-ectly  end  to  end. 


separate  though  neighbouring  table.  The  wave  having  to  pass  through 
the  rubber  tube  before  entering  the  brass  pipe,  the  blow  should  be  sharji 
and  deUvered  at  a  point  not  more  than  10  or  20  cms.  from  the  brass  pipe  ; 
otherwdse  the  upstrokes  of  the  records  will  not  be  sufficiently  sudden  and 
measurement  will  be  less  accurate.  The  photographic  records  need  only 
be  about  2  cms.  wide.  Merely  the  commencement  of  each  upstroke  is 
required,  and  the  strings  may  be  brought  very  close  together  by  adjusting 
the  bridges  of  the  hot-wires.  We  have  usually  made  four  records  on  each 
plate.  The  upstrokes  should  be  in  opposite  directions,  and  outwards  for 
safety.    A  set  of  typical  records  is  given  in  Fig.  2. 

The  actual  measurement  of  the   length   of  an   artery   provided   what 
might  have  been  a  difficult  problem.    It  is  not  easy  to  define  its  "  uncxtended 
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lengtli."  The  actual  distance  traversed  by  the  wave  can,  of  course,  be 
measured  to  the  nearest  0-1  mm.,  but  if  the  artery  be  stretched  this  is  not 
the  unextended  length.  Filled  as  it  is  with  mercury  the  artery  tends  to 
sag,  and,  although  we  have  usually  supported  it,  it  is  quite  impossible  to 
say  when  it  begins  to  be  stretched  lengthways.  Fortunately,  however,  we 
have  found,  both  in  control  experiments  on  rubber  pipes  and  on  human 
arteries,  that  the  actual  velocity  observed,  viz.  (distance  between  ends  of 
adaptors)  -;-  (corrected  time  interval),  is  independent  of  the  degree  of  longi- 
tudinal extension,  over  a  much  wider  range  of  extensions  than  would  ever 
occur  in  an  actual  experiment.  Consequently  we  have  been  able  merely  to 
stretch  the  artery  to  a  convenient  extent,  i.e.,  until  it  lay  evenly  between 
its  ends,  and  then  to  measure  the  actual  velocity  in  it  as  it  lay. 
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Fig.  3.     Reliitioii  between  pulse  wave  velocity  and  pressure  ill  eight  "  normal  "  individuals. 


As  pointed  out  by  Bi-amwell  and  Hill-,  the  use  of  mercury  inside  tlie 
artery  instead  of  blood  has  the  advantage  of  giving  a  time  interval  3  58 
times  as  long  and,  therefore,  much  more  accurately  measurable.  It  is, 
moreover,  much  cleaner  to  use  than  any  other  fluid,  and  in  the  short  time 
occupied  by  an  experiment  is  not  likely  to  injure  the  artery.  The  velocities 
given  below  have  all  been  calculated  for  the  case  of  blood,  by  multiplj^ing 
the  observed  velocities  by  3-58.    The  artery  employed  was  the  carotid,  and 
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the  records  have  generally  been  made  on  the  day  of  the  autojisy.  The 
arteries  were  suspended  in  isotonic  saline  solution  till  recj^uired  ;  no  disin- 
fectants or  other  reagents  were  employed. 

In  nearly  all  cases  observations  of  the  velocity  were  made  at  twelve 
different  pressures,  ranging  from  15  to  250  mm.  of  Hg..  In  some  cases 
measurements  were  made  on  both  carotids  of  the  same  individual,  and  good 
agreement  attained. 

Even  the  sharpest  upstroke  is  to  some  degree  rounded  off  and  a  con- 
vention is  necessary  as  to  the  point  defined  as  its  commencement.  On  the 
magnified  image  employed  in  measuring  the  records  a  pencil  line  was  drawn 
as  closely  as  possible  down  the  middle  of  the  upstroke.  The  point  where 
this  line  met  the  continuation  of  the  previous  base  line  was  adopted 
throughout  as  the  commencement. 

Results.  The  results  are  best  shown  in  diagrammatic  form.  It  is 
unnecessary  to  give  the  actual  observations,  as  the  curves  drawn  through 
them  fit  with  almost  complete  accuracy,  and  there  are  about  twelve  observed 
points  on  each  curve. 

Fig.  3  shows  the  results  of  observations  on  what  ma3%  for  the  present 
purpose,  be  called  "  normal  "  individuals,  i.e.,  individuals  in  whom  there  was 
no  gross  post-mortem  evidence  of  arterial  disease,  and  who  had  not  suffered 
from  a  long  and  wasting  illness.    The  following  are  details  of  the  cases  : — 


a 

G.  H.           A 

red  44 

Oerebral  haemorrhage. 

b 

J.  H. 

,      66 

Lobar  pneumonia. 

d 

R.  W. 

,    u 

Acute  rlieumatic  carditis. 

6 

G.  P. 

,    u 

Encephalitis  lethargica. 

f 

J.  r. 

,      45 

Antimony  poisoning. 

9 

T.J. 

,      43 

Died  after  nephrectomy. 

h 

C.  VI. 

8 

Empyema. 

i 

H.  P. 

,      36 

Septic  meningitis. 

These  cases  may  be  subdivided  into  two  groups  {i) : — d,  e,  h  and  i,  all  of 
which  exhibited  a  highly  characteristic  form  of  curve,  and  (m)  : — a,  b,f  and  g, 
which  gave  curves  intermediate  in  form  between  the  normal  type  and  the 
pathological  type  described  below.  Of  the  latter  a  died  on  the  day  after 
admission  to  hospital,  and  although  his  arteries  exhibited  no  gross  change, 
post-mortem  there  was  considerable  cardiac  hypertrophy  which  was  not 
accounted  for  by  the  presence  of  any  valvular  lesion  or  renal  disease.  This 
suggested  that  the  high  systoHc  pressure  (200  mm.)  recorded  during  fife 
had  been  present  for  some  time,  and  was  not  merely  the  result  of  increased 
intracranial  tension  ;    b  exhibited  a  moderate  degree  of  atheroma  of  the 
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aorta,  though  this  was,  perhaps,  not  in  excess  of  what  is  frequently  met 
with  in  hospital  patients  of  this  age  who  die  of  some  disease  not  directly 
associated  with  the  cardio-vascular  system.  In  the  case  of/,  apart  from  his 
age  (46),  there  was  no  reason  to  anticipate  any  divergence  from  the  normal 
type  of  curve  ;  g  was  a  somewhat  emaciated  subject  who  had  been  suffering 
from  tubercular  disease  of  long  standing. 

Of  these  eight  curves  the  highest  and  straightest,  and  the  one  which 
rises  most  rapidly  from  the  start,  is  b  on  the  oldest  individual ;  the  lowest 
and  the  one  mth  the  most  obvious  S-shape  is  h,  on  the  youngest  individual. 
At  70  mm.  pressure  (taken  as  corresponding  to  an  average  value  for  the 
diastolic  pressure)  the  order  of  increasing  velocities  with  different  ages  is  : — 


h 

e 

d 

i 

Equal. 

Order. 

/ 

a 

9 

6 

Age 

8 

U 

14 

36 

45 

44 

43 

66 

The  order  of  ages  corresponds  to  that  of  velocities.  Hence  the  velocity 
of  the  pulse  wave  (at  or  near  the  diastolic  pressure)  increases,  and  the 
extensibility  of  the  artery  diminishes  with  age,  as  has  recently  been  shown 
by  Bramwell,  Hill  and  McSwiney^  on  a  number  of  normal  Hving 
individuals. 

A  '•  mean  "  normal  curve,  so  far  as  it  is  justifiable  to  talk  of  a  "  mean," 
is  given  in  the  full  line  of  Fig.  4.  Its  form  is  quite  characteristic.  At  low 
pressures  it  runs  horizontally  as  the  pressure  rises,  then  begins  to  turn  up 
at  a  point  rather  below  the  normal  diastolic  pressure,  rises  most  rapidly  in  the 
neighbourhood  of  the  normal  diastolic  and  systohc  pressures,  and  then  tends 
to  rise  less  rapidly  as  the  pressure  is  further  increased.  We  will  discuss  the 
cause  and  the  consequence  of  tliis  type  of  curve  later  ;  for  the  moment  we  will 
consider  merely  its  occurrence  in  "  normal  "  arteries.  It  appears  in  every 
one  of  the  eight  cases  shown  in  Fig.  3,  most  characteristically  in  the  child 
of  8  and  in  d,  e  and  /,  least  characteristically  in  the  man  of  66  and  in  a,  g  and/. 
In  Fig.  4,  for  comparison  with  the  "  mean  "  normal  curve,  are  given  obser- 
vations on  three  subjects  in  whom  the  arteries  might  possibly  have  been 
expected  to  be  abnormal  : — 


« 

B.  H. 

Aged  43 

/8 

J.  D. 

„      70 

\ 

T.  F. 

„       34 

Carcinoma  of  the  pylorus.    Very  emaciated. 

Advanced  atlieromatous     changes     in     the 

aorta  and  cerebral  vessels. 
Septicffmia  and  emaciation. 


For  comparison  are  included  observations  on  the  arteries  of  : — 

f,  G.  R.,    which    by    mistake    had  been  placed  in  dilute  formaUn  after 
removal  from  the  body. 
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Fig.  4.  Relatioa  between  pulso  wave  velocity  and  pressure.  Full  line,  "  mean  "  normal  curve  ; 
broken  lines,  abnormal  cases  described  in  text.  9,  curve  from  normal  living  individuals  given 
by  Bramwell,  lIcDowall,  and  McSwiney. 


It  is  obvious  that  r  conforms  to  the  usual  type  of  curve,  at  any  rate 
at  low  pressures,  a  and  /i,  however,  as  also  f  (which  had  presumably  lost 
its  elasticity  to  some  degree  as  a  result  of  the  formahn)  show  a  complete 
and  important  departure  from  the  normal  type,  a  dejiarture  suggested  by 
a,  b,  f  and  g  of  Fig.  3.  They  give  no  horizontal  portion  and  rise  steadily  as 
the  pressure  is  increased.  The  S-shape  of  the  curve  is  presumably  a 
characteristic  of  normal  arteries  which  retain  their  elasticity  ;  the  absence 
of  the  S-shape,  in  the  region  below  the  usual  diastoUc  pressure,  is  associated 
with  changes  which  have  deprived  the  arteries  of  their  elasticity.  The  most 
notable  divergence  from  the  normal  curve  is  /3  where  atheromatous  change 
in  the  artery  produced  enormously  high  pulse  wave  velocities. 

It  is  possible  in  living  man,  as  shown  by  Bramwell,  McDowall  and 
McSwiney*,  to  construct  a  curve  similar  to  those  given  in  Figs.  3  and  4, 
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relating  pulse  wave  velocity  to  internal  pressure.  Their  results  are  indeed 
not  of  the  same  accuracy  as  those  obtained  on  the  isolated  artery  :  they 
involve  certain  assumptions  as  to  the  constancy  of  the  velocity  in  different 
arteries,  and  they  cover  only  the  range  of  pressures  from  zero  to  diastohc. 
The  important  region,  however,  in  which  the  characteristic  horizontal 
portion  of  tlie  curve  occurs,  lies  below  the  diastoUc  pressure  and  so  can  be 
covered  by  their  method.  Moreover,  by  placing  nearly  the  whole  upper 
limb  in  a  suitable  bag  or  chamber,  where  the  pressure  could  be  varied  at 
will,  the  accuracy  would  be  much  improved  and  the  assumptions  eliminated. 
It  is  obvious,  therefore,  that  a  method  is  available  by  which  the  elastic 
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.  5.     Mean  curve  of  Fig.  4  recalculated  to  give  the  instantaneous  relation  between  tlie  rigidity 
of  an  artery  and  the  blood  pressure. 


condition  of  the  artery  of  a  living  man  can  be  investigated,  over  the  range 
of  pressures  witliin  which  degenerative  changes  produce  their  most 
characteristic  effect. 

The  "  typical  experiment  "  of  Bramwell,  McDowall  and  McSwiney* 
on  a  normal  living  man  is  shown  as  e  in  Fig.  4.  It  is  similar  in  character 
to  the  mean  normal  curve,  but  lower  and  less  obviously  S-shaped.  Whether 
the  difference  be  due  to  the  fact  that  they  investigated  the  brachial  while  we 
have  investigated  the  carotid  artery,  or  whether  it  be  due  to  the  presence 
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of  living  smooth  muscle  in  their  case  but  not  in  ours,  it  is  impossible  at 
present  to  say. 

Theoretical.  We  will  consider  finally  the  form  of  the  normal  curve 
relating  the  pulse  wave  velocity  to  pressure.  It  was  shown  by  Bramwell 
and  Hill-  that  the  velocity  is  related  to  the  elasticity  by  the  formula, 

V  -   1  --  V"^"^"  ^S"  ^^^  °^  pressure  required  to  produce   1  per  cent. 
~  increase  in  volume. 

In  Fig.  5  the  mean  curve  of  Fig.  4  has  been  recalculated  to  give  the 
relation  between  2/=mm.  Hg.  rise  of  pressure  per  1  per  cent,  increase  of 
volume  (what  we  may  term  the  "  rigidity  "  of  the  arterj'),  and  a=  pressure 
in  mm.  Hg.. 

At  SO  mm.  pressure  a  5  mm.  rise  of  pressure  causes  a  1  per  cent,  increase 
in  the  volume  of  the  artery.  At  50  mm.  pressure  only  a  2  mm.  rise  of  pressure 
is  necessary,  while  at  110  mm.  pressure  over  10  mm.  rise,  at  150  mm. 
pressure  nearly  20  mm.  rise,  and  at  200  mm.  pressure  about  28  mm.  is 
required  to  produce  the  same  expansion.  We  see  the  enormous  effect 
exercised  by  a  rise  in  the  diastoUc  pressure,  upon  the  ease  with  which  the 
arteries  accept  the  blood  ejected  by  the  heart. 

It  is  possible  by  numerical  integration  to  construct  from  Fig.  5  a  curve 
relating  the  total  volume  of  an  artery  to  the  pressure  inside  it.  At  first 
sight  it  might  have  been  supposed  that  such  a  curve  could  better  be  made 
directly,  as  was  actually  done  by  Roy*.  As  pointed  out,  however,  by 
Bramwell  and  Hill-,  the  "  after  extension  "  of  hving  tissues,  i.e.,  the  fact 
that  a  tissue  goes  on  stretcliing  for  some  time  when  subjected  to  a  constant 
stress,  invaUdates  readings  so  obtained  if  they  be  required  to  represent  the 
extension  resulting  from  a  sharp  momentary  stress,  such  as  follows  the  heart 
beat.  The  actual  curve  obtained  by  integration  is  shown  in  Fig.  6.  Here, 
on  an  arbitrary  scale  of  volumes,  the  volume  of  an  artery  is  plotted  against 
the  pressure  inside  it.  At  zero  pressure  the  artery  colla|3ses  ;  this  limit  is 
not  practically  obtainable,  hence  the  curve  is  not  continued  below  about 
10  mm.  pressure. 

In  normal  man  the  ejection  phase  of  ventricular  systole  lasts  for  about 
0-3  sec,  wliich  is  more  than  enough  to  allow  the  pulse  wave  to  reach  the 
extreme  end  of  all  the  arteries.  Hence  at  each  beat  the  blood  forced  into 
the  aorta  by  the  heart  expands  the  arteries  all  over  the  body.  If  we  knew 
the  total  volume  of  the  arteries,  i.e.,  of  all  the  vessels  into  which  the  pulse 
wave  could  be  assumed  to  penetrate,  and  if  the  extensibility  of  all  the 
different  arteries  were  the  same*  (and  could,  therefore,  be  calculated  froin 
observation  on  the  mean  velocity  of  the  pulse  wave)  we  could  calculate  the 
output  of  the  heart  from  the  pulse  pressure.    We  do  not  wish  to  suggest  that 

*  The   differences   in   structure   between   the   larger   and   smaller   arteries   as   well   as   the 
experimental  observations  of  Bazett  and  Dreyer'  suggest  that  this  is  not  the  case. 
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Relation  bet\7eea  volume  and  pressure  in  the  "  mean  normal  "  arterj'  of  Figs.  4  and  5, 
when  subjected  to  a  sudden  change  of  pressure. 


such  a  calculation  can  actually  be  made  quantitatively,  because  it  would 
involve  the  further  assumption  that  the  amount  of  blood  escaping  through 
the  capillaries  during  the  ejection  phase  of  systole  is  neghgible  as  compared 
with  the  total  ventricular  output,  and  this  is  not  true.  But  although  the 
actual  values  given  below  are  purely  hypothetical,  they  serve  to  illustrate 
more  clearly  a  general  relationship  between  cardiac  output  and  pressure 
which  undoubtedly  does  exist  and  is  of  considerable  importance.  Let  us 
assume  that  an  individual  of  70  kilos,  weight  has,  at  any  moment,  1,500  cc.  of 
blood  in  his  arteries  and  that  Fig.  6  represents  the  normal  volume  pressure 
relation.  Then  the  following  table  will  give  the  output  of  the  heart  per  beat 
for  various  pulse  pressures. 


Output  per  beat  for  the  "  normal  individual  "  of  Figs.  4,  5  and  6  for  different  jndse  pressures  at 
different  diastolic  pressures. 


Diastolic  pressure,  mm.    ... 

50 

70 

75 

80 

100 

125 

150 

175 

Output  cc.  (pulse  pres 

25  mm.) 

130 

73 

64 

55 

30 

24 

17 

15 

„       „     (    „ 

50  mm.) 

200 

110 

97 

83 

55 

41 

31 

28 

„      ,.     (    .. 

75  mm.) 

230 

134 

122 

105 

72 

56 

45 

40 

„       .,     (    ..        „ 

100  mm.) 

260 

155 

139 

125 

87 

70 

57 

— 

We  see  that  at  low  diastolic  pressures  a  very  considerable  output  is 
attained  for  quite  a  small  pulse  pressure,  while  at  high  diastohc  pressures 
the  output  remains  small  even  for  very  high  pulse  pressures.     Clearly  it  is 
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impossible  for  an  individual  with  a  high  diastolic  pressure  to  attain  a  con- 
siderable output  per  beat  without  developing  a  dangerously  liigh  pulse 
pressure,  and  throwing  an  enormous  strain  on  the  heart.  Conversely  it  is 
ob\-ious  that  an  individual  with  a  low  diastoUc  pressure  will  be  able  to  reach 
a  high  output  without  difficulty.  Many  observers  have  found,  by  other 
methods,  an  output  of  about  100  cc.  per  beat  in  normal  man.  At  a  diastolic 
pressure  of  70  mm.  this  is  attained  in  Table  I,  by  a  pulse  pressure  of  44  mm., 
at  a  lower  diastohc  pressure  by  a  considerably  smaller  one.  Hill  and  Lupton" 
have  recently  shown  that  during  running  an  output  of  at  least  200  cc.  per 
beat  can  be  attained  ;  as  the  result  of  exercise,  however,  the  ejection  phase 
becomes  a  much  larger  fraction  of  the  whole  cycle,  and  during  that  phase  an 
appreciable  portion  of  the  whole  output  passes  away  through  the  capillaries 
and  so  relieves  the  heart  from  the  high  systohc  pressure  it  would  otherwise 
have  to  meet.  The  same  relative  increase  in  the  ejection  phase  va&y  be  of 
importance  in  abnormal  conditions. 

One  fact  clearlj'  brought  out  by  Table  I  is  that,  quite  apart  from  the 
danger  of  damaging  the  arteries  by  a  high  pulse  pressure,  or  the  heart  by 
excessive  activity,  no  individual  with  a  high  diastolic  pressure  such  as 
125  or  150  mm.,  could  possibly  take  hard  exercise  for  any  length  of  time. 
He  would  inevitably  suffer  from  oxygen  want.  Without  some  such  compen- 
sating mechanism  as  polycythemia  an  output  of  50  cc.  per  beat  could  not 
possibly  provide  the  body,  even  at  a  pulse  rate  of  180,  with  more  than  about 
1,500  cc.  of  oxj-gen  per  minute,  an  amount  required  in  a  healthy  man  to 
walk  at  the  rate  of  about  4-J  miles  per  hour. 

The  velocity  of  the  pulse  wave  in  living  man  has  been  determined, 
between  points  on  the  right  carotid  and  the  right  radial  arteries,  by  Bramwell, 
Hill  and  ^McSwiney'  on  a  number  of  different  individuals  of  ages  varying 
from  5  to  80,  and  a  mean  curve  given.  It  is  obvious  from  Figs.  3  and  4  that 
the  diastolic  pressure  is  a  very  important  factor  in  determining  the  velocity 
of  the  pulse  wave,  but  if  we  read  off  from  the  curves  of  Fig.  3  ("  normal 
individuals  ")  the  values  of  the  pulse  wave  velocity  at  70  mm.  pressure,  these 
should  not  be  far  different  from  those  existing  in  similar  normal  individuals 
during  Ufe.  The  results  are  as  follows  : — In  the  fourth  line  are  values  (called 
"  velocity  from  curve  ")  read  off  for  the  corresponding  age  on  the  curve  given 
by  Bramwell,  Hill  and  McSwiney. 


Individual  ... 

h 

d 

e 

i 

g 

a 

/ 

b 

Age  in  years 

3 

14 

14 

36 

43 

44 

45 

(if) 

Velocity  metres  per  sec. 

4-9 

5-8 

5-7 

6-2 

8-5 

8-4 

8-2 

11-4 

Velocity  from  eur\'e 

5-3 

5-7 

5-7 

70 

7-3 

7-4 

7-4 

81 

The  agreement  is  good  ;  apart  from  the  last  entry  there  is  no  consistent 
difference  between  the  value  measured  on  the  isolated  carotid  artery,  at  a 
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pressure  of  70  mm.,  and  that  obtained  between  carotid  and  radial  on  a  living 
man  of  the  same  age.  Neglecting  b,  the  average  difference  is  only  0-7  m.p.s., 
which  is  not  greater  than  the  average  variation  between  normal  individuals 
of  the  same  age. 

In  our  discussion  we  have  neglected  throughout  any  possible  influence, 
during  life,  of  the  smooth  musculature  of  the  arterial  wall.  In  some  of  the 
smaller  arteries,  where  the  amount  of  such  muscular  tissue  is  considerable, 
appreciable  changes  in  extensibihty  may  possibly  result  from  alterations  in 
its  activity.  Clearly  the  matter  requires  fuller  investigation  in  the  live 
animal :  here  we  have  discussed  the  fundamental  mechanical  properties  of 
such  an  artery  as  the  carotid,  which  is  endowed  with  relatively  little 
muscle. 


Summary. 

A  method  of  measuring  the  pulse  wave  velocity  in  a  few  cm.  of  isolated 
artery,  at  any  desired  pressure,  is  described.  The  results  obtained  on  the 
carotid  arteries  of  twelve  human  subjects  are  given.  The  normal  relation 
between  exten.sibility  and  pressure  is  described,  and  examjjles  of  the  effects 
of  degenerative  changes  are  given. 

The  relation  between  the  jjulsc  pressure,  the  output  per  beat,  and  the 
diastolic  pressure  is  discussed,  and  it  is  shown  that  a  considerable  outjjut 
is  impossible  at  a  liigh  diastohc  pressure. 

We  have  to  thank  Prof.  J.  Shaw  Dunn  for  the  facilities  wliich  he  has 
afforded  us  for  obtaining  the  material  on  which  these  observations  were 
made. 

The  exjienses  of  this  research  have  been  borne  in  part  by  a  grant  (to 
A.  V.  H.)  from  the  Government  Grants  Committee  of  the  Royal  Society. 
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OBSERVATIONS    RELATING    TO    ARTERIO-VENOUS 
ANEURISM. 

PART  I.— CIRCULATORY  MANIFESTATIONS  IN  CLINICAL  CASES 

WITH    PARTICULAR    REFERENCE    TO    THE    ARTERIAL 

PHENOMENA   OF  AORTIC  REGURGITATION.* 

By  T.  LEWIS  and  A.  N.  DRURY. 
{From  the  Cardiac  Department,   University  College  Hos-pital  Medical  School.) 


In  the  present  article  we  record  a  number  of  observations  upon  cases  of 
arterio-venous  aneurism,  resulting  from  wounds  received  during  the  recent 
war.  Our  object  in  investigating  these  cases  has  not  been  solely  to  extend 
the  knowledge  of  the  circulatory  changes  occurring  in  conditions  of 
arterio-venous  anastomosis  ;  chosen  cases  seemed  to  us  to  offer  a  fruitful 
field  in  which  to  investigate  certain  arterial  phenomena  which  are  generally 
recognised  to  occur  in  defective  closure  of  the  aortic  valves. 

If  blood  leaks  from  the  arterial  system  through  channels  other  than  the 
natural  pores  prov-ided  by  the  capillaries,  and  leaks  out  in  sufficient  quantity 
and  at  a  sufficient  rate,  such  leakage  will  change  the  arterial  pressures.  So 
far  as  many  physical  signs  are  concerned  it  seems  to  be  a  matter  of  indifference 
whether  the  leak  occurs  back  into  the  ventricle,  into  the  pulmonary  artery 
through  a  patent  ductus  arteriosus,  or  into  a  vein  through  a  direct  anas- 
tomosis. The  leak  produces  certain  changes  in  the  arterial  pressures  which 
are  common  to  all  these  pathological  conditions.  That  the  arterial  changes 
should  be  identical  in  all  respects  in  these  three  separate  conditions,  however, 
is  scarcely  to  be  expected  ;  for  the  leakage  in  aortic  regurgitation  is  confined 
to  diastole,  while  in  arterio-venous  anastomosis  and  patent  ductus 
arteriosus  it  occurs  throughout  the  whole  cardiac  cycle.  A  leakage  into  a  large 
vein  or  into  the  pulmonary  artery  may  also  produce  different  effects  from 

*  Observations  iindertaken  on  behalf  of  the  Medical  Research  CouncU. 
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those  of  reflux  into  the  ventricle,  by  altering  the  j)ressures  in  these  vessels 
rather  than  in  the  left  ventricle.  Despite  these  differences,  there  will 
remain  on  the  arterial  side  certain  common  manifestations  of  leakage  and  the 
phenomena  accompanying  such  leakage  in  one  condition  may  illuminate 
similar  phenomena  occurring  in  another. 


Methods. 

All  observations  recorded  in  this  paper  have  been  taken  from  patients 
after  a  sufficient  period  of  rest  and,  unless  stated  to  the  contrary,  with  the 
patient  supine. 

To  obtain  records  of  the  pulse's  form  we  have  used  Wigger's  apparatus, 
the  essential  portion  of  which  consists  of  a  very  sensitive  Frank's  optical 
capsule.  Measurements  of  these  curves  have  been  made  with  a  Lucas 
comparator. 

Arterial  blood  j^ressure  readings  have  been  taken  by  means  of  a  Riva- 
Rocci  sphygmomanometer,  palpation  of  the  tlistal  artery  being  used  in 
the  case  of  systoUc  pophteal  pressure,  and  auscultation  and  palpation  in  the 
case  of  pressures  in  the  brachial  artery.* 

Venous  blood  pressures  have  been  obtained  by  means  of  Hooker's 
ajjparatus-',  which  reads  in  centimetres  of  water  the  pressure  needed  to 
collapse  superficial  veins.  Such  readings  have  been  supplemented  in  several 
cases  by  direct  manometric  readings,  using  Moritz  and  Tabora's  method^'*. 
All  the  readings  have  been  taken  with  the  patients  stripped,  the  precise 
level  of  the  vein  below  the  patient's  sternum  being  noted  in  each  instance. 

To  obtain  an  accurate  measure  of  the  size  of  the  heart  we  have  used 
Levy-Dorn's  Orthodiagraph  (Groedel's  modification).  The  measurements 
taken  have  been  the  distances  of  the  right  and  left  margins  from  the  middle 
line,  and  the  longitudinal  diameter  from  the  junction  of  the  right  auricle  and 
superior  cava  to  the  apex  of  the  heart.  All  these  measurements  were  taken 
in  the  anteroposterior  position  with  the  patient  sitting  erect  and  holding 
the  breath  in  slight  inspiration. 

For  sound  records  we  have  used  the  string  galvanometer  in  combination 
with  a  sensitive  microphone  and  transformer. 

The  method  used  for  additional  observations  will  be  described  in  the 
appropriate  places. 

In  the  following  pages  we  report  our  observations  upon  two  cases  fully, 
and  direct  attention  esjiecially  to  Case  1.  Observations  upon  several  other 
cases  are  more  briefly  recorded ;  they  were  less  extensive  but  form 
confirmatory  evidence  in  certain  particulars. 

*  Diastolic  pressure  lias  been  taken  to  bo  tlio  point  at  which  the  sounds  diminish  in   intensity. 
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Case  I. 

A.  V.  E.,  a  clerk  of  34  years,  first  came  under  observation  on  February 
the  1st,  1923. 

He  joined  tiie  army  in  June,  1915,  a  perfectly  fit  man  of  26  years  ;  he 
stood  his  training  well  and  served  in  France  from  January,  191i),  to  August, 
1917,  when  he  was  wounded  in  the  right  thigh  by  a  rifle  bullet.  He  was  in 
hospital  for  six  months  and  was  discharged  from  the  armj'  in  ]\Iarch,  1918. 
He  complained  of  a  sweUing  in  the  right  thigh  and  heaviness  of  this  leg, 
which  ached  a  lot  after  he  had  walked  slowly  for  half-an-hour.  He  had 
noticed  palpitation  on  mounting  stairs  or  after  walking  some  distance. 
Occasionally,  towards  the  end  of  the  day,  giddiness  was  noticed,  and  he  was 
bothered  by  noises  in  his  ears  which  he  attributed  to  his  leg.  There  had  been 
iiO  past  illnesses. 

February  the  1st,  1923.  Physical  signs.  The  patient,  a  man  of 
5  feet  5 J  inches  in  height,  weighed  112  lbs.  Over  Scarpa's  triangle  a  very 
distinct  fullness  and  vigorous  pulsation  existed.  A  small  roimd  scar  was 
seen  at  the  inner  and  lower  part  of  the  triangle  and  a  larger  second  scar  on 
the  outer  side  of  the  thigh  on  the  same  level ;  these  marked  the  track  of  the 
bullet.  The  pulsation  was  expansile  and  extensive,  almost  filling  the  triangle 
and  extending  above  Poupart's  hgament.  A  cyhndrical  swelling  was  felt 
throughout  the  triangle  and  extended  a  couple  of  inches  into  the  abdomen 
above  the  hgament.  An  intense  and  continuous  thrill,  easily  felt  through 
his  clothing,  was  perceptible  from  this  point  in  the  abdomen  to  within  a 
hand's  breath  of  the  knee.  The  maximal  area  of  thrill  Mas  in  the  lower  half 
of  the  triangle,  and  it  was  evident  that  a  communication  existed  between  the 
superficial  artery  and  vein.  The  pulsation  of  the  right  common  femoral 
artery  was  much  more  vigorous  than  that  of  the  left.  The  pulses  in  the 
two  dorsalis  pedis  and  posterior  tibial  arteries  were  distinct.  The  pulsation 
in  the  arteries  of  the  right  foot  disappeared  on  obhterating  the  right  common 
femoral  artery. 

The  chest  was  a  narrow  one.  The  outer  hmit  of  the  cardiac  impulse  lay 
5  cm.  beyond  the  nipple  fine  in  the  5th  and  6th  spaces  and  the  corresponding 
ribs  moved  forward  a  Httle  in  systole.  The  left  Hmit  of  cardiac  dulness 
agreed  with  the  position  of  the  impulse  ;  the  right  border  lay  2  to  3  cm.  to 
the  right  of  the  mid-hne.  The  electrocardiogram  was  of  normal  form  in  all 
leads.  The  pulses  were  conspicuously  water-hammer  in  quaUty  and  the 
carotids  throbbing  ;  capillary  pulsation  was  intense  ;  the  pistol-shot  sound 
was  audible  in  the  brachial  and  femoral  arteries  and  the  pulse  in  the  palms 
of  the  hands. 

The  heart  sounds  were  natural,  with  the  exception  of  a  short  systohc 
murmur  at  the  mitral  area  and  at  the  pulmonary  cartilage  ;  the  murmur 
of  aortic  regurgitation  was  attentively  sought  for  in  different  postures  of 
the  body,  but  we  were  convinced  that  no  such  regurgitation  existed.  Neither 
the  Uver  nor  spleen  was  palpable. 
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These  physical  signs  were  confirmed  on  subsequent  occasions. 

From  February  to  July  the  patient  was  repeatedly  examined  and 
special  observations  made  upon  him.  These  are  described  under  succeeding 
subheadings.  The  actual  dates  upon  which  the  observations  were  made  will 
be  stated.  The  whole  series  of  observations  could  not  be  carried  through 
at  a  few  sittings  ;  but  there  was  a  sufficient  overlap  and  repetition  of  the 
enquiries  to  show  that  the  circulation  during  this  period  was  sufficiently 
constant  to  justify  the  different  observations  being  treated  as  a  whole. 

Records  of  the  murmur  over  the  femoral  vessels  were  obtained,  and  one 
of  these  is  shown  in  Fig.  27.  The  murmur  is  expressed  by  rapid  oscillations 
(the  rate  of  the  main  oscillations  being  about  125  per  second),  which  run 
continuously  throughout  the  curve  and  rise  in  ampUtude  rhythmically. 
The  rise  in  amphtude  is  shown,  by  a  simultaneous  pulse  record  from  the  left 
femoral  artery  at  the  same  level,  to  begin  very  shortly  after  the  upstroke  of 
the  pulse  ;  the  sound  vibrations  reach  their  maximal  point  a  httle  later 
than  the  summit  of  the  pulse. 

Heart  rale. 

The  heart  rate  was  excessive.  While  the  patient  was  up,  walking 
quietly  or  standing,  and  for  some  while  after  he  lay  down,  it  ranged  between 
90  and  110  beats  per  minute  ;  after  he  lay  quietly  for  an  hour  it  usually 
fell  to  80  or  85  per  minute,  sometimes  it  fell  a  little  lower. 

Change  on  closing  the  right  femoral  artery.  The  effect  of  this  procedure 
upon  heart  rate  was  noticed  to  be  constant  at  all  visits  of  the  patient.  It 
consisted  of  a  fall  of  rate,  of  which  the  following  are  representative  examples. 


Date. 


February  1st 

February  21st 
March  Srd  ... 

March  29tli 
April  6th    ... 
June   19th  ... 
July  3rd     ... 


Femorals  opeu 


103 
97 


102 

88 


Rt.   feiBoral  closed. 


.1  It  T  KRIO-V  E  N  0  U  S     A  N  EU  RI  S  31 . 
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The  fall  was  conspicuous,  amounting  to  20  or  30  beats  per  minute.  On 
one  occasion  the  compression  was  maintained  for  periods  of  several  minutes 
with  a  view  to  determining  any  further  change  of  rate  following  the  initial 
slowing.  The  slowing  on  compression  was  from  an  average  of  86  down  to 
58  beats  per  minute  ;  within  a  few  seconds  the  rate  rose  on  an  average  to 
61  beats,  this  slight  acceleration  being  present  on  each  occasion  and  being 
completed  rapidly.  The  subsequent  rate  remained  constant  during  the 
long  comi^ression.  Obhteration  of  the  left  common  femoral  artery  was 
always  without  effect  on  the  heart  rate. 


Fig.  1. 


(  X  f ).      CWe    1  (March  29tli).     Two  sphygmographic  records  from  the  radial  artery  to 
show  the  eSects  of  compressing  the  right  femoral  artery. 


Many  continuous  sphygmographic  and  ojitical  records  from  the  radial 
artery  were  taken  on  different  daj's,  the  right  femoral  vessel  being  compressed 
or  decompressed  while  the  record  was  running.  The  response  of  the  heart 
rate  to  compression  or  decomj^ression,  these  events*  being  signalled  on  the 
same  record,  was  usually  shown  to  have  begun  with  the  next  heart  beat, 
occasionally  by  the  next  beat  but  one  ;  that  is  to  say,  within  ^  to  1  second. 
Full  slowing  was  usually  reached  within  2  or  3  seconds  of  compression  ; 
full  acceleration  was  usually  reached  within  5  or  6  seconds  of  the  act  of 
decompression  (Fig.  1). 

Effect  of  atropine.  On  the  6th  of  March  a  thirty-third  of  a  grain  of 
atropine  was  given  hypodermically  at  three  minutes  past  seven  o'clock. 
Soon  after  the  pulse  began  to  quicken,  the  usual  reaction  on  compressing  the 
femoral  artery  was  found  to  be  much  diminished.  When  the  rate  had  risen 
to  130  per  minute,  the  reaction  was  practically  abohshed.  The  pulse  rate 
rose  no  higher  than  132  beats  per  minute  and  shortly  after  nine  o'clock  the 
rate  began  to  decUne.  The  atropine  injection  produced  dryness  of  the 
mouth  and  wide  dilatation  of  the  pupils. 


*  The  signal  of  compression,  or  decompression,  has  been  operated  by  hand  in  all  eases,  and 
is  only  accurate  to  one-tenth  of  a  second 
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Pulse  rate  under  atropine. 


Time. 

Femorals  open. 

Rt.   femoral   closed. 

7.0      1 

33  graiii  atropine 

7.5 

84 

— 

7.10 

86 

— 

7.12J 

84 

— 

7.15 

84 

— 

7.17i 

90 

— 

7.20 

88 

— 

7.22J 

92 

— 

7.25 

100 

— 

7.27* 

102 

— 

7.29 

106 

— 

7.30 

91 

86 

7.35 

108 

86 

7.36 

97 

94 

7.38 

110 

97 

^.^ 

115 

101 

7.46 

107 

99 

7.48 

104 

100 

8.18 

124 

118 

8.20 

122 

117 

8.26 

123 

117 

8.30 

124 

112 

8.45 

132 

126 

8.47 

130 

128 

The  corresponding  rates  for  compression  were  not  obtained  while  tlie  patient  was  passing 
under  atropine,  but  tlie  reaction  had  been  previously  noted  to  be  of  its  usual  extent. 


Arterial  pressure. 

On  February  the  1st  the  average  systolic  blood  pressure  in  the  right 
brachial  artery  was  149  and  the  diastolic  pressure  was  55  mm.  Hg..  These 
pressures  are  comparable  to  those  found  in  regurgitation  from  the  aorta. 
On  February  the  23rd  the  average  systolic  and  diastoUc  bracliial  pressures 
were  154  and  53  mm.  respectively  ;  on  this  day  the  systolic  pressure  in  the 
right  popUteal  artery  measured  129  mm.,  wliile  that  in  the  left  popliteal 
averaged  188  ram..  Thus,  the  average  systolic  pressure  in  the  right  popUtcal 
was  25  mm.  lower  than  in  the  right  brachial  artery  and  59  mm.  lower  than 
ia  the  left  popKteal.  The  low  pressure  in  the  right  pophteal  was  evidently 
due  to  the  pulse  wave  spending  much  of  its  energy  in  the  corresponding 
vein.  The  large  size  of  the  right  common  femoral  pulse  would  seem  to  indicate 
that  an  attemjit  to  compensate  the  deficient  blood  flow  to  the  right  leg  had 
occurred,  by  expansion  of  the  right  common  femoral  vessel. 

Effects  of  femoral  occlusion.  The  following  table  illustrates  the  effects 
of  obUterating  the  common  femoral  arteries  upon  brachial  blood  pressure. 
The  readings  were  taken  alternately  by  two  observers. 
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Right  brachial  pressures  {altenialively  with  and  without  obliteration  of  a  femoral  artery). 


Obsorvor. 

Femoral  arteries 
open. 

Rt.  femoral 
closed. 

Lf.  femoral 
closed. 

(syst.) 

(diast.) 

(syst.) 

(diast.) 

(syst.) 

(diast.) 

T.  L 

150 

162 

85 





A.  N.  D 

150 

55 

165 

88 

— 

— 

T.  L 

150 

55 

160 

85 

— 

— 

A.  N.  D 

150 

52 

- 

— 

150 

58 

T.  L 

146 

58 

- 

— 

150 

52 

Averages 

U9 

55 

162 

86 

150 

55 

Briefly,  on  occluding  the  right  common  femoral  artery,  the  systolic 
pressure  rose  in  the  average  13  mm.  Hg.  ;  the  diastolic  pressure  rose 
31  mm.  Hg.  ;  the  pulse  pressure  fell  18  mm.,  namely,  from  94  to  76  mm.  Hg.. 
This  rise  of  diastohc  pressure  and  diminution  of  pulse  pressure  constituted 
the  chief  changes  when  escape  of  blood  into  the  vein  was  jDrevented,  and  were 
the  more  notable  since  compression  of  the  right  femoral  was  accompanied 
in  each  instance  by  the  usual  fall  of  pulse  rate,  a  change  wliich  would  tend 
to  reduce  the  level  of  the  diastohc  pressure,  and  to  raise  the  corresponding 
systohc  readings.  Compression  of  the  left  femoral  artery  was  \Wthout 
effect.  In  this  table  the  pressures  which  became  estabhshed  after  closure 
of  the  right  femoral  are  given  ;  on  subsequent  occasions  we  noted  a 
preUminary  rise  of  s3'stoUc  pressure  to  a  somewhat  higher  point  ;  this  higher 
pressure  was  maintained  for  a  few  pulse  cycles  only.  It  was  reflected  in  our 
pulse  curves  (see  Fig.  1),  the  summit  of  the  3rd  wave  following  compression 
almost  constantly  reaching  the  highest  level.  Similarly,  on  releasing  the 
compression,  the  3rd  or  -tth  wave  succeeding  stood  usually  at  the  lowest 
level,  there  being  subsequently  a  shght  rise  in  the  level  of  the  beats. 

Differential  arterial  pressures  arid  their  changes  ( February  the  21st).  The 
average  systohc  blood  pressure  in  the  left  pophteal  artery  on  this  day  was 
182  mm.  Hg.  ;  that  in  the  left  brachial  artery  averaged  154  mm.,  being, 
therefore,  28  mm.  lower.  This  last  phenomenon,  as  Hill  has  shown,  is  a 
usual  phv.sical  sign  in  regurgitation  from  the  aorta,  and  is  a  usual 
accompaniment  of  such  arterial  physical  signs  as  exist  in  our  patient, 
namely,  water-hammer  pulse  and  capillary  pulsation.  The  foUoMing 
observations  were  made  upon  the  arterial  pressures  ^rith  the  right  common 
femoral  compressed  to  obliteration  and  uncompressed,  alternately. 
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Observer. 

Left  popliteal 
pressure. 

Left  briichial  pressure. 

Femorals 
open. 

Rt.  femoral 
closed. 

Femorals 
open. 

Bt.  femoral 
closed. 

(syst.) 

(syst.) 

(syst.) 

(diast.) 

(syst.) 

(diast.) 

T.  L 

186 

196 

156 

? 

158 

80 

T.  L 

— 

208 

156 

55 

162 

85 

T.  L 

184 

210 

150 

55 

- 

— 

A.  N.  D 

180 

207 

- 

- 

— 

- 

A.  N.  D 

180 

210 

- 

- 

- 

- 

Averages     . . . 

182 

206 

154 

55 

160 

82 

When  the  liglit  common  femoral  was  comj^ressed  and  the  effects  of 
the  arterio-venous  aneurism  upon  the  circuhition  consequently  withdrawn 
temporarily,  the  systolic  pressure  in  the  left  popUteal  rose  by  24  mm.  Hg.,  a 
greater  rise  than  that  found  to  occur  in  the  brachial,  which  was  but  trifling. 
Tliis  rise  was  maintained  ;  it  was  not  temporary.  The  important  point 
is  that  the  difference  in  leg  and  arm  pressures  {HilVs  sign)  was  not  decreased, 
on  the  contrary  it  was  increased  ivhen  the  right  common  femoral  was  obliterated. 

These  observations  were  repeated  subsequently,  and  the  readings  are 
given  in  the  following  table  : — 


Observer. 

Left  popliteal 
pressure. 

Left  bracliial  pressure. 

Femorals 
open. 

Rt.  femoral 
closed. 

Femorals 
open. 

Rt.  femoral 
closed. 

A  N.  D 

A.  N.  D 

A.  N.  D 

T.  L 

T.  L 

T.  L 

(syst.) 

158 
158 
156 
154 
158 
140 

(syst.) 

175  -  154 
185  -   160 
185  -  160 
170  -   154 
170  -   150 
165  -  146 

(syst.) 

138 
134 
130 
136 
134 
136 

(diast.) 

50 
52 
48 
50 
60 
54 

(syst.) 

152  -  142 
158  -  136 
145  -  135 
142 
144  -  134 
150  -  140 

(diast.) 

76 
70 
68 
75 
76 
80 

Averages     . . . 
March  29th. 

154 

175  -   154 

135 

51 

150  -   138 

78 

T.  L 

T.  L 

A.  N.  D. 

152 
160 
150 

172  -   166 
194  -  166 
180  -  158 

152 
152 

54 
54 

160  -  150 
168  -  150 

75 
75 

Averages     . . . 
April  6th. 

154 

182  -  163 

152 

54 

164  -  150 

75 
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On  these  days  it  was  noticed  tliat  (ui  comijressing  the  right  femoral 
artery  the  pressure  in  brachial  and  pophteal  rose  for  a  few  beats  to  a  high 
point  and  fell  away  again.  These  high  points  of  systolic  pressure  were 
obtained  on  this  and  subse(iuent  occasions  by  raising  the  pressure  in  the 
armlet  above  the  obUteration  point  with  the  right  femoral  open,  and  noting 
the  forcing  of  the  armlet  by  the  beats  on  closing  the  femoral  ;  by  rapidly 
raising  the  pressure  in  the  armlet  for  the  succeeding  beats  or  by  repeating 
the  observation,  these  high  points  could  be  measured  with  sufficient  accuracy. 
The  readings  of  the  first  table  (Februarj-  the  21st)  do  not  include  these  high 
points,  but  represent  the  more  stable  subsequent  pressures. 

Reviewing  the  readings  as  a  whole,  it  is  clear  that  the  difference  in 
arm-leg  pressures  was  inconstant  in  degree.  On  one  occasion  there  was  a 
conspicuous  difference,  and  on  this  occasion  the  difference  was  increased  by 
closing  the  right  femoral  artery  ;  on  a  second  occasion  the  difference  was 
somewhat  less,  but  was  maintained  on  cutting  out  the  aneurism  ;  on  the 
third  occasion  the  bracJiial  and  pophteal  pressures  were  equal,  but  a 
difference  in  pressure  developed  when  the  right  femoral  artery  \\as  closed. 

Readings  under  atropine.  These  readings  were  taken  at  the  height  of 
the  atropine  reaction,  previously  described  (March  the  6th  at  8.30  p.m.), 
the  object  being  to  eliminate  the  effects  of  change  of  pulse  rate. 


Left  popliteal  pressure. 

Left  bracliial  pressure. 

FemoraLs 
open. 

Rt.  femoral 
closed. 

Femorals 
open. 

Rt.  femoral 
closed. 

T.  L 

T.  L 

T.  L 

A.  JT.  D. 
A.  N.  D. 

A.  N.  D. 

(syst.) 

158 
148 
162 

150 
148 
132 

(syst.) 
192-172 

182-175 
182-174 

(syst.) 

142 
146 
140 

152 

(diast.) 

54 
60 
64 

52 

(syst.) 

160 
158 

156 

(diast.) 

95 
96 

!t2 

Averages     . . . 

153 

18.5-174 

145 

57 

158 

94 

In  the  brachial  vessel  the  systolic  pressure  rose  13  mm.  and  the  diastolic 
pressure  rose  37  mm.  on  closing  the  right  femoral  artery.  Thus,  the  change 
in  pulse  pressure  was  somewhat  more  consjjicuous,  though  in  the  same 
direction,  as  that  found  in  the  unatropinised  patient.  A  small  difference 
between  the  s}\stohc  pressures  of  pophteal  and  brachial  was  found.  This 
difference  was  materially  increased  when  the  right  femoral  artery  was  closed, 
the  pressure  rising  in  the  pophteal  from  153  to  185-174,  while  it  rose  in  the 
brachial  from  145  to  158  only. 
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Arterial  curves. 


The  jiulse  of  this  patient  was  of  conspicuous  water-hammer  quality, 
especially  when  the  arm  was  raised  to  the  vertical  position.  Corresponding 
changes  were  expected,  and  were  found,  in  the  rapidity  of  the  pulse's 
measured  upstroke.     Many  optical  pulse  curves  were  taken  from  the  right 
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radial  artery.  The  upstroke  of  tlie  pulse  was  seen  to  be  unusually  abrupt 
in  its  initial  phases  ;  the  summit  was  prominent  and  the  fall  to  the  dicrotic 
steeper  than  normal.  The  first  feature  was  exaggerated  by  raising  the  arm 
to  the  vertical  position,  and  in  tliis  position  a  thriU  was  recorded  at  the 
summit  of  the  curve.  On  February  the  1st,  the  arm  being  horizontal,  the 
interval  between  the  beginning  of  the  upstroke  and  the  summit  of  the  pulse 
wave  measured  0066  of  a  second  ;  the  half-way  point  of  the  upstroke  was 
reached  in  001 9  of  a  second.  Both  these  values  are  less,  the  latter  notably 
less,  than  those  found  for  normal  pulses.  On  February  the  21st  these 
observations  were  repeated  and  the  values  0060  and  0026  were  obtained  ; 
immediately  afterwards  the  arm  was  raised  to  the  vertical  position,  without 
moving  the  receiver,  and  the  corresponding  curves  now  gave  average 
readings  of  0-068  and  0-015  of  a  second.  Thus,  the  rate  at  which  the  upstroke 
was  written  increased  considerably  in  its  initial  phases  when  the  arm  was 
raised.  In  brief,  the  form  of  the  pulse  curve  was  similar  in  all  respects  to 
that  commonly  manifested  by  cases  of  free  aortic  regurgitation  and  presented 
a  similar  change  to  that  which  is  seen  in  this  disease  on  raising  the  arm. 

Effect  of  closing  the  right  femoral  artery.  The  abnormaUties  of  the  pulse 
form  are  most  clearly  to  be  appreciated  in  this  patient  from  a  comparison  of 
the  curves  taken  ^^^th  the  femoral  artery  open  and  closed.  E.xamples  of 
such  curves,  taken  -nith  the  arm  horizontal  and witliin  a  few  seconds  of  each 
other,  are  shown  in  Figs.  17  and  IS  ;  two  curves  showing  very  similar  features 
have  been  enlarged  and  superimposed  in  Fig.  2.  The  pulse  became  slower 
and  its  amplitude  decreased  when  the  femoral  artery  was  closed  ;  simul- 
taneously the  interval  in  wliich  the  initial  phase  of  the  upstroke  was  inscribed 
(the  half-way  points  are  marked  in  Fig.  2)  increased  ;  the  pulse  became  more 
sustained,  being  followed  by  a  prominent  predicrotic  wave  almost  equalling 
that  of  the  primary  wave  in  height,  thus  producing  a  form  of  plateau  ;  the 
summit  of  the  pulse  became  a  little  delayed.  These  changes  were  constant, 
though  varying  slightly  in  their  degree,  in  all  the  observations  undertaken. 
The  features  to  which  we  draw  especial  attention  are  as  follows.  The  rates 
at  which  the  first  half  of  the  upstroke  was  inscribed  became  slower,  a  slowing 
which  was  both  absolute  and  relative.  Naturally,  the  inchnation  of  the 
upstroke  was  influenced  by  its  decreased  amphtude,  but  that  was  not  the 
complete  explanation  of  slowing,  the  half-way  point  being  reached  after  a 
distinctly  longer  interval.  Closure  of  the  right  femoral  artery  prolonged  the 
intervals  from  0-065  and  0-019  to  0-072  and  0-026  (February  the  1st),  and 
from  0-060  and  0-026  to  0063  and  0-029  (February  the  21st).  Simultaneously, 
the  element  of  coUapse,  between  the  summit  of  the  pulse  and  the  dicrotic 
notch,  was  abolished. 

Change  in  the  rapidity  of  the  upstroke  was  shown  even  more  con- 
spicuously by  curves  taken  with  the  arm  held  vertically.  While  the  femoral 
artery  was  patent  the  summit  was  reached  in  0068  and  the  half-way  point 
in  0-015  of  a  second  ;    on  closing  the  femoral  vessel  these  values  altered  to 
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0074  and  0023  of  a  second.  The  difference  in  the  rate  of  upstroke  is  well 
displayed  in  the  superimiJosed  curves  of  Fig.  3.  The  natural  curve  of  this 
figure  presents  on  its  upstroke  and  summit  three  small  waves,  the  waves 
responsible  for  the  palpable  thrilhng  (pudity  of  the  pulse  when  the  arm  was 
held  aloft.  These  secondary  waves  disapi^eared  when  the  femoral  vessel 
was  compressed. 

Obhteration  of  the  left  femoral  artery,  undertaken  as  a  control,  had  no 
noticeable  effect  upon  the  pulse  form. 

The  changes  produced  in  the  character  of  the  pulse  by  closure  of  the 
right  femoral  artery  may  be  summed  up  by  stating  that  those  features  of  the 
pulse,  in  which  it  originally  resembled  the  pulse  of  aortic  regurgitation,  were 
aboUshed.*  Strictly  speaking,  this  is  perhaps  not  entirely  true  of  the 
water-hammer  quaUty  (quick  upstroke),  for  the  values  obtained  on  closing 
the  femoral  artery  were  still  those  on  the  very  lowest  hmits  of  normality. 
This  tendency  for  abruptness  to  persist  will  be  di.scussed  sidisequently. 

That  the  chief  changes  in  the  pulse  form  described  were  due  exclusively 
to  the  stoi)])ing  of  the  leak  from  arterial  to  venous  system,  and  not  to  change 
in  filling  of  the  heart  or  to  altered  heart  rate,  was  shown  conclusively  by  the 
follo'ning  observations.  The  change  in  form  occurred  almost  immediately 
the  femoral  was  clo.sed.  It  was  shown  in  some  degree  or  conspicuously  by  the 
pulse  beat  directly  following  compression  (Fig.  22)  ;  it  was  displayed 
completelj'  by  the  succeeding  pulse  beat  or  jnilse  beat  but  one.  That  it 
should  not  always  display  itself  completely  by  the  pulse  beat  directly 
following  compression  is  but  natural,  in  that  the  leak  would  be  prevented 
only  in  part  of  the  preceding  cycle.  The  change  in  form  often  occurred 
before  the  pulse  had  changed  materially  in  rate  (Fig.  22).  .Similar  abrupt 
changes  of  form  were  seen  to  follow  immediately  upon  the  oiiening  of  the 
femoral  artery  (Fig.  23). 

Lastly,  we  abolished  the  rate  factor  by  administering  atropine  and 
similar  changes  of  pulse  form  were  still  observed.  A  pair  of  curves  taken 
within  a  few  seconds  of  each  other  while  the  patient  was  under  atropine 
is  illustrated  by  Figs.  19  and  20  ;  in  these  the  arm  was  horizontal.  A  similar 
pair,  taken  with  the  arm  vertical,  is  illustrated  in  Figs.  21  and  22.  The 
second  curve  of  each  of  these  pairs  was  taken  with  the  right  femoral  artery 
closed.  The  essential  and  previously  described  changes  of  form  on  closing 
the  right  femoral  artery,  are  again  displaj^ed.  A  beat  from  each  of  the  two 
curves  19  and  20  has  been  enlarged,  and  the  two  superimposed  in  Fig.  4. 
The  pulse  rates  are  almost  identical  ;  the  lessened  amplitude,  the  slower 
upstroke,  the  delay  and  broadening  of  the  summit,  are  all  clearly  shown. 
In  this  figure  the  dicrotic  notch  comes  earlier,  and  the  dicrotic  wave  is 
earlier  and  less  prominent,  in  the  curve  corresiionding  to  closure  of  the 
femoral  artery. 

*  Hero  it  is  to  be  iioterl,  )iowever,  that  the  leak  occurred  in  systole  as  well  as  in  diastole,  in 
which  respect  it  differs  from  that  found  in  aortic  regvirgitation. 
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Fig.  4.  Case  1  (Marcli  the  6tli).  Similar  outlines  to  those  of  Fig.  2.  Taken  wliile  the  patient 
was  almost  fully  uiuler  the  influence  of  atropine.  The  natural  curve  and  that  taken  during 
compression  have  been  dra-mi  as  luibroken  lines  ;  the  amplitudes  of  the  last  cur\'e  have  been 
proportionately  raised  and  the  curve  re-drawn  as  a  dotted  line  also,  so  that  it  may  he  the 
more  easily  compareil  with  the  natural  curve  from  this  patient. 


Measurements  oj  optical  radial  curves 


Begin. 

of  stroke 

Begin,  of  stroke 

Femoral 

Date. 

Pulse  rates. 

to  half 

-way  pt. 

to  summit  in 

arteries. 

Arm. 

m 

sees. 

sees. 

Feb.  1st. 

104 

0019' 

0065* 

Open. 

Horizontal. 

67 

0026 

0072 

Rt.  closed. 

,, 

97 

0020 

0068 

Open. 

67 

0027 

0071 

Rt.  closed. 

,, 

91 

0021 

0068 

Open. 

,, 

92 

0022 

0071 

Lf .  closed. 

'. 

Feb.  21st. 

102 

0026 

0060 

Open. 

Horizontal. 

64 

0029 

0063 

Rt.  closed. 

83 

0014 

0071 

Open. 

V'ertical. 

72 

0025 

0074 

Rt.  closed. 

8.5 

0017 

0066 

Open. 

,, 

64 

0021 

0074 

Rt.  closed. 

'• 

March  6th, 

115 

0017 

0070 

Open. 

Vertical. 

under 

101 

0028 

0083 

Rt.  closed. 

., 

atropine. 

124 

0  018 

0059 

Open. 

„ 

118 

0030 

0060 

Rt.  closed. 

123 

0025 

0007 

Open. 

Horizontal. 

117 

0029 

0076 

Rt.  closed. 

" 

*  Error  of  measurement  calculated  for  these  measurements  at  approximately  0002-0003 
of  a  second. 
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The  dotted  outline  corresponds  to  the  curve  taken  with  the  femoral 
artery  obliterated  ;  the  ordinates  have  been  raised  in  value  proportionately 
throughout  to  bring  the  summits  of  the  compared  curves  to  the  same  level. 
The  essential  differences  in  the  forms  of  the  two  curves  is  more  clearly 
displayed  by  tliis  procedure. 

The  immediate,  or  almost  immediate,  change  in  form,  on  compressing  or 
releasing  the  right  femoral  artery,  while  the  patient  was  under  atropine  and 
the  heart  rate  practically  constant,  is  illustrated  by  Figs.  24  and  25. 

Capillary  pulsation. 
This  patient  presented,  both  wliile  standing  and  lying,  a  spontaneous 
"  capillary  ijulsation  "  in  the  skin  of  the  forehead  and  cheeks  with  each 
heart  beat.  The  Ups  were  of  good  colour  and  tliis  colour  showed  no  pulsation 
until  the  hp  was  pressed  Mith  a  sheet  of  glass.  A  vivid  change  of  colour 
from  red  to  pale  pink  appeared  in  this  circumstance.  The  degree  of  this 
pulsation  in  the  hp  was  as  great  as  any  we  have  witnessed  in  free  aortic 
regurgitation.  Shght  pulsation  was  seen  in  the  nails  when  these  were  pressed 
upon,  but  not  otherwise.  The  pulsatile  flushing  of  the  skin  of  the  face  and 
of  the  hps  was  not  cUminished  when  the  right  common  femoral  artery  was 
closed,  and  all  pulsation  and  thrill  in  the  artery  and  tumour  below  was 
abolished.  These  observations  were  repeatedly  witnessed  by  all  the  workers 
in  the  laboratory  and  demonstrated  at  the  March  meeting  of  the 
Physiological  Society.  They  were  repeated  on  March  the  6th  while  the 
patient  was  under  the  full  influence  of  atropine  with  precisely  similar 
results  ;  the  persistence  of  the  capillary  pulsation  was  thus  shown  to  be 
unconnected  mth  the  usual  change  of  heart  rate.  During  the  observations 
under  atropine  and  before  the  closure  of  the  femoral  artery  a  certain  grade 
of  pressure  on  the  hp  i^rocured  a  vivid  red  to  white  pulsation.  If  this 
pressure  were  maintained  and  the  femoral  artery  was  then  closed,  the  colour 
deepened  during  the  cUastolic  phase,  but  the  vivid  red  to  white  pulsation 
was  at  once  restored  in  its  full  intensity  by  exerting  shghtly  greater  pressiu'e 
on  the  hp.  Evidently  the  wliite  or  hght  pink  colour  of  diastole  is  due  to 
collapse  of  the  vessels  under  pressure  and  the  red  flush  to  their  refilling  ;  the 
vessels  collapsed  more  readily  when  diastohc  pressure  was  low  (femoral 
artery  open)  than  when  it  was  liigher  (femoral  artery  closed). 

Venous  pressures. 
The  calf  of  the  right  leg  appeared  to  be  a  Uttle  larger  than  that  of  the 
left  and  proved  so  on  measurement.  Just  below  the  knee  the  circumference 
of  the  left  leg  was  29  cm.,  and  of  the  right  leg  29-75  cm..  The  maximal 
circumference  of  the  left  calf  was  32  cm.,  and  of  the  right  calf  33-5  cm.. 
The  veins  of  the  right  leg  were  somewhat  more  conspicuous,  and  felt  as  if 
under  greater  pressure.  Maintaining  the  patient  in  a  horizontal  po.sition 
and  bringing  all  veins  from  which  readings  were  to  be  taken  to  the  same 
level,  the  following  measurements  were  obtained  on  different  days. 
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Venous 

pressures  in  cm.  of  water  ( 

Hooker's  methc 

d). 

Date. 

Sternum  to 

vein  in 

cm. 

Observer. 

Dorsal  vein 
of  hand. 

Internal 
maleolar. 

Marth  0th       ... 

13-5 



13-2 

Left. 

Right. 

Average  value. 

- 

-  0  3 

- 

- 

Corrected  average.* 

March  29tli    ... 

17 

A.  N.  D. 
T.  L. 
T.  L. 
T.  L. 
T.  L. 
A.  N.  D. 
A.  N.  D. 
A.  N.  D. 
A.  N.  D. 

17 
16 
15 

20 
20 
20 
18 
17 
16 
19 
21 
20 

21 
21 
21 

26 
26 
28 

16 

190 

23-8 

Average  values. 

-10 

20 

68 

Corrected  averages.* 

April  Gtli 

13-5 

not 

- 

- 

Average  value. 

-  0  5 

— 

— 

Corrected  value.* 

*  Corrected  to  level  of  sternum. 

t  This  value  was  controlled  by  a  direct  reading  (Moritz  metliod)  from  the  left  basilic  vein  and 
proved  accurate  within  J  —  1  cm. 


In  tliis  table  the  readings  for  the  several  days  are  averaged,  and 
corrected  averages  are  given  in  heavy  type.  These  corrected  averages 
express  the  pressure  relative  to  the  level  of  the  sternum  in  cm.  of  water. 
In  the  readings  from  the  hand  there  is  uniformity,  the  pressures  being 
represented  by  a  column  of  water  falUng  short  of  the  level  of  the  sternum 
by  0-3  to  10  em..  The  pressures  in  the  right  maleolar  vein  were  greater 
than  these  by  about  8-0  cm.  water. 

Effect  of  closing  the  right  femoral  artery.  On  March  the  6th  the  pressure 
in  a  dorsal  vein  of  the  left  hand  was  estimated  before  and  after  closing  the 
right  femoral  artery,  and  we  then  beheved  that  we  were  able  to  observe  a 
distinct  faU  of  pressure  when  the  arterio-venous  aneurism  was  cut  out.  In 
attempting  to  demonstrate  this  fall  of  venous  pressure  on  a  subsequent 
occasion  to  a  meeting  of  the  Physiological  Society  we  failed  ;  and  now 
beheve  our  first  observation  to  have  been  for  some  reason  erroneous.  Reading 
the  venous  pressure  repeatedly  with  right  femoral  open  or  closed,  on  two 
further  occasions,  we  were  unable  to  convince  ourselves  of  any  distinct 
change  on  closing  or  releasing  the  right  femoral  artery.  If  the  right  femoral 
artery  were  closed  and  opened  under  cover  by  one  observer,  wliile  the  second 
observer  obtained  readings  of  the  venous  pressure  in  the  hand,  these  readings 
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failed  to  determine  the  state  of  the  right  femoral  artery.  These  later  obser- 
vations, failing  as  they  did  to  confirm  our  first  ones,  left  us  in  doubt  as  to  the 
precise  effects  of  stopping  the  leak  into  the  veins.  To  decide  the  question 
we  introduced  a  wide  bore  needle  into  the  left  basilic  vein  in  the  direction 
of  the  blood  stream,  tliis  needle  being  connected  to  a  manometer  of  saline 
solution  containing  0-5  per  cent,  of  sodium  citrate.  The  vein  at  the  point 
of  puncture  lay  14-5  cm.  below  the  sternum  and  the  column  of  saline  became 
steady  near  the  level  of  the  sternum,  the  meniscus  oscillating  with  respiration 
through  approximately  a  half  centimetre,  and  continuing  to  do  so  throughout 
the  observations.    The  following  readings*  were  obtained  : — 


Basilic  vein  pressures  in  cm.  water  {direct  method). 


Femorals 

Rt.  fern. 

Lf.  fern. 

open. 

closed. 

closed. 

150 

15-5 

I.IO 

15-4 

— 

150 

15-4 

— 

150 

— 

15-5 

15  0 

15-3 

— 

150 
150 

15-7 

15-7 

151 

15-5 

— 

Average  values 

1507 

15-46 

150 

Corrected  values 

+     057 

+     096 

+      11 

These  observations  were  decisive  ;  at  each  compression  of  the  right  femoral 
artery,  a  shght  but  distinct  rise  of  the  meniscus  occurred,  amounting  in  the 
average  to  0-4  cm.  of  water.  A  similar  rise  was  seen  on  occluding  the  left 
femoral  artery  ;  closure  of  the  right  brachial  artery  was  without  any 
apparent  effect.  The  change  which  occurred  was  in  a  direction  contrary 
to  that  originally  anticipated.  The  ri.se  of  pressure  was  trifling  in  amount 
and  was  obtained  equally  by  closure  of  either  femoral  artery.  The  rise  and 
fall  of  the  meniscus  on  closing  and  opening  the  artery  occurred  constantly 
after  a  delay  of  several  seconds.  The  rise  on  compression  was  maintained 
so  long  as  the  femoral  artery  was  closed,  the  compression  being  sometimes 
continued  for  15  or  20  seconds. 

The  actual  cause  of  the  sHght  rise  is  not  known  definitely  ;  very 
probably  the  pressure  upon  one  or  other  femoral  vessels  induced  a  little 
increase  in  the  abdominal  muscle  tone  ;  such  could  not,  in  point  of  fact,  be 
detected.  It  is  clear,  however,  since  both  arteries  gave  similar  effects,  that 
cutting  out  the  leak  from  artery  to  vein  induced  no  measurable  change  of 
venous  pressure. 


For  simplicity  the  higher  of  these  readings  is  alone  used  in  the  table. 
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Size  of  heart. 

Two  orthodiagrams  of  the  heart  were  taken  on  the  same  (h\y.  Tiiese 
two  outhnes  were  in  almost  absolute  agreement.  The  transverse  diameters 
of  the  heart  averaged  13-G  cm.  and  the  longitudinal  140  cm.  (the  generally 
accepted  maximal  normal  measurements  of  a  man  of  this  weight  are  11-3 
and  13-5  em.  :  Claj'tor  and  Merrill').  One  of  these  orthodiagrams  is  shown 
in  Fig.  5. 


Fig.  .i.  ( X  i).  Case  1  (February  21st).  One  of  a  pair  of  similar  ortliodiatirams  taken  to 
ascertain  the  precise  size  of  the  heart,  viewed  artero-posteriorly.  Patient  sitting  ;  breath 
lield  in  slight  inspiration.      E.  N.  =  episternal  notcli.     X  =  xiplistenuim. 


Change  in  size  of  heart.  The  patient  stood  before  the  orthodiagraph 
and  the  outline  of  the  heart  was  mapped.  The  femoral  artery  was  then 
compressed  and,  during  compression  the  outline  of  the  right  auricle  was 
recorded  again.  The  new  outHne  fell  a  half  centimetre  inside  the  old  one. 
This  observation  was  repeated  several  times.  In  two  of  the  four  observations 
the  auricular  contour  during  compression  fell  a  half  centimetre  within  the 
ordinary  contour,  in  the  remaining  two  the  contours  fell  together.  These 
results  lacking  consistency,  the  patient  was  placed  behind  a  large  fluorescent 
screen,  and  the  bodv  held  rigidly  against  the  screen.    A  line  was  drawn  upon 
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the  screen  along  the  edge  of  the  right  auriciihxr  shadow,  and  the  right  femoral 
artery  was  repeatedly  compressed  and  relaxed,  the  relation  of  the  shadow 
to  the  Hne  on  the  screen  being  observed.  Working  in  this  fashion  the  auricular 
contour  appeared  to  occujjy  a  constant  jjosition  during  diastole,  whether 
the  femoral  artery  was  compressed  or  not,  and  it  became  displaced  inwards 
and  flattened  out  a  little  in  systole  ;  this  movement  was  decidedly  greater 
when  the  femoral  artery  was  compressed,  the  difference  bt^ing  about  a  half 
centimetre.  Thus,  it  would  seem  that  the  average  size  of  the  auricle 
tUminished  when  the  femoral  was  obUterated.  Observations  uj^on  the  left 
contour  of  the  heart  failed  to  show  any  appreciable  change  in  its  position 
during  compression  of  the  femoral  artery. 

Change  in  heart  sounds. 
On  compressing  the  right  femoral  artery  the  sounds  at  the  cardiac 
impulse  remained  unaltered  ;    at  the  aortic  cartilage  the  second  heart  sound 
was  intensified  by  the  same  procedure,  an  observation  made  independently 
by  three  observers. 

Changes  in  the  eleclrocardiogrnm. 

Two  series  of  electrocardiograms  were  taken  from  leads  /,  //  and  ///, 
the  patient  lying  ;  the  one  series  wliile  the  right  femoral  artery  was  com- 
pressed, the  other  while  the  artery  was  patent.  The  changes  are  averaged 
in  the  accompanying  table  ;  they  are  but  slight  and  are  for  the  most  part 
similar  in  direction  and  degree  to  those  seen  when  the  heart  rate  changes 
spontaneously. 


Lead  /. 

Lead  II. 

Lead  III. 

Fem. 

l-'em. 

Fem. 

Fem. 

Fem. 

Fem. 

open. 

closed. 

open. 

closed. 

open. 

closed. 

Heart  rate 

72-0 

540 

790 

490 

730 

500 

P          

10 

10 

20 

10 

10 

00 

Q        

05 

0-5 

30 

20 

2-5 

1-5 

R         

140 

13-5 

240 

25-5 

139 

130 

S          

1-5 

10 

1-5 

1-5 

1-.5 

1-5 

T         

3-5 

3-5 

40 

60 

30 

2-5 

Velocity  of  pulse  wave  and  its  changes. 

On  April  the  20th  optical  records  were  taken  from  the  right  radial 
artery  simultaneously  with  an  electrocardiogram  from  lead  //.  The  record 
was  taken  before  and  during  occlu.sion  of  the  right  femoral  artery.    A  similar 
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series  of  curves  was  then  taken  from  the  right  subclavian  artery.  In  tlie 
following  table  the  intervals  between  tlie  summits  of  R  and  the  corresponding 
pulse  upstrokes  are  given.  Each  of  these  values  is  an  average  of  three 
readings.  On  closing  the  femoral  artery  the  interval  R  to  radial  was 
practically  unaltered  ;  but  the  interval  R  to  subclavian  increased  by  0023 
of  a  second  ;  the  interval  subclavian  to  radial  decreased  by  an  average  value 
of  0028  of  a  second.  The  pulse  wave  velocities  were  754  and  1,150  mm. 
per  second  with  the  femoral  artery  open  and  closed,  respectively.  Tliis 
rise  in  velocity  we  attribute  to  the  considerable  increase  of  diastolic  pressure 


Pulse  wave  intervals. 

Pulse  rate. 

R  to  subclaviiin. 

R  to  radial. 

Fem.  open.     Fem.  closed. 

Fem.  open. 

Fem.  closed. 

Fem.  open. 

Fem.  closed. 

82 

60 

— 

— 

0  130 

0  131 

80 

53 

0  052 

0  079 

- 

- 

80 

51 

0  058 

0  076 

— 

- 

- 

50 

—                    0  079 

— 

- 

Averages 

81 

53 

0055                 0078 

0136 

0131 

occurring  in  our  patient  on  occluding  the  femoral  artery.  Such  changes  of 
velocity  with  increased  arterial  tension  have  recently  been  described  by 
BramweU  and  Hill-,  who  worked  upon  a  schema ;  our  patient  has  presented 
an  unusual  opportunity  of  testing  the  effect  of  altered  diastohc  pressure  on 
pulse  wave  velocity  in  the  human  subject.  There  was,  of  course,  in  our 
patient  a  simultaneous  change  of  pulse  rate  and  a  change  in  the  character 
of  the  pulse's  upstroke,  factors  which  we  regard  as  insufficient  to  produce 
the  altered  velocity  found. 

Seeing  that  the  pulse  wave  was  conducted  more  rapidly  when  the 
femoral  was  compressed,  its  increased  delay  in  reaching  the  subclavian  in 
similar  circumstances  can  only  be  attributed  to  an  increase  in  the  pre- 
sphygmic  interval.  This  increase  appears  to  have  amounted  to  approximately 
U-023  of  a  second. 

Size  of  capillaries  and  the  capillary  flow,  and  their  changes. 
A  slight  but  perceptible  deepening  in  the  colour  of  the  face  was  seen  on 
closing  the  right  femoral  artery.  Viewing  the  capillaries  of  the  finger  nail 
bed  under  a  2/3  objective  (Lombard's  method)  on  April  the  20th  the  stream 
of  blood  in  the  capillaries  was  seen  to  be  sluggish.  On  compressing  the 
right  femoral  artery,  the  capillaries  invariably  became  fuller  after  a  short 
delay  and  the  blood  flow  through  them  was  appreciably  quickened.  These 
changes  were  unmistakable,  being  witnessed  repeatedly  by  a  number  of 
observers. 
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Volume  of  the  iniaj'fecled  Uinhfi  and  ils  change. 

The  right  arm  was  enclosed  in  a  plethysmograph  containing  water* 
at  body  temperature  and  extending  a  little  way  above  the  elbow,  or  the  left 
leg  in  one  which  extended  almost  to  the  knee.  The  plethysmograph  was 
sealed  off  proximally  and  connected  by  tubing  to  a  volume  recorder.  The 
effect  of  occluding  the  right  femoral  artery  upon  the  volume  of  the  two 
limbs  was  tested  repeatedly  on  a  number  of  occa.sions  and  gave  almost 
constant  results.  The  arm  displaced  1,795  cc.  of  water  and  this  volume  was 
increased  by  apjiroximately  1  or  2  cc.  on  cutting  out  the  aneurism  ;  the 
rise  of  the  curve  began  immediately  (Fig.  (>)  and  was  sometimes  shortly 
followed  by  a  second  rise  of  different  origin  and  of  about  similar  amount 
(see  Pig.  9).  The  first  ri.se  of  volume  was  anticipated,  for  compression  of  the 
right  femoral  was  already  know  n  to  increase  mean  arterial  pressure  and  to 
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Case  1  (.June  the.jtli).     X'ciliuiio  curve  of  right  arm  luid  sii;iuil  of  rlosu 
artery  ;    tlie  time   is  in  seconds  in  tliis  jind  siiiiiJar  records 


of  riglit  femoral 


/luiimniii/iiiimaiiiUMUiimmiiiMu  mum 


Fig. 


Case.  1  (.June  tlie  utli).     \'olume  ciir%-e  of  left  leg  and  the  effect  upon  it  of  closing  the 
right  femoral  artery. 


*  On  a  subsequent  occasion  we  used  air  and  obtained  similar  results.  Observations  on  the 
leg  were  made  with  the  patient  supine,  tliose  on  the  arm  were  made  with  the  patient  in  a  similar 
posture,  or  sitting  with  tlie  elbow  boat  at  a  right  angle. 
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distend  the  capillaries  a  little.  That  it  was  purely  arterial  in  origin  is  shown 
by  its  being  unaffected  if  the  venous  pressure  in  the  Hmb  were  previously 
raised  and  maintained  constant  by  compressing  the  arm  above  the  plethysmo- 
graph  with  a  pneumatic  armlet  at  25  or  40  mm.  Hg..  The  increase  of  arterial 
volume  is  attributed  to  an  increase  of  mean  arterial  pressure  immediately 
consequent  on  the  closure  of  the  right  femoral  vessel  and  cannot  be  assigned 
to  an  increased  output  from  the  heart,  for  the  rise  alwaj^s  occurred  without 
delay.  The  second  rise  of  volume  when  present  occurred  after  a  delay  of 
about  10  or  12  seconds  (Fig.  9),  and  is  probably  attributable  to  the  sHght 
rise  of  pressure  in  the  veins  of  the  limb  already  noted  as  occurring  ;  for  it 
appeared  whether  occlusion  of  the  right  femoral  artery  was  sustained,  or  if 
the  latter  was  released  previous  to  its  occurrence.  This  second  rise  was  not 
constant,  however.  At  more  than  one  sitting  we  saw  no  sign  of  it.  Com- 
pression of  the  left  femoral  artery  had  no  measurable  effect  on  the  volume 
of  the  left  arm. 

The  volume  of  the  left  leg  (2,080  cc.)  was  not  increa.-ed  on  compressing 
the  right  femoral  artery  ;  on  the  contrary,  the  leg  decreased  in  size  by 
apiJroximately  1  or  2  cc.  (Fig.  7).  Tliis  difference  in  the  behaviour  of  the 
leg  is  of  interest.  As  in  the  case  of  the  arm,  so  in  the  case  of  the  leg,  closure  of 
the  right  femoral  would  increase  mean  arterial  pressure.  In  so  far,  therefore, 
as  the  arteries  are  concerned,  change  in  them  would  tend  to  increase  the 
volume  of  both  hmbs  ;  constancy  of  volume  or  diminution  of  size  can  only 
be  accounted  for  by  supposing  a  decrease  in  the  volume  of  the  leg  veins. 
This  seems  to  us  a  reasonable  explanation  in  the  case  of  the  left  leg.  The 
arterio-venous  anastomosis  was  in  the  upper  part  of  the  right  thigh,  its 
opening  lying  but  a  few  inches  from  the  mouth  of  the  left  common  iliac 
vein.  It  is  to  be  supposed  that  with  the  anastomosis  open  the  zone  of 
increased  venous  pressure  extended  at  least  as  far  as  the  mouth  of  this 
vessel,  thei'eby  sHghtly  raising  the  venous  pressure  in  the  left  leg  ;  if  that 
were  the  case,  the  venous  pressure  would  fall  a  little  in  the  left  leg  and  its 
volume  would  tend  to  decrease  on  closing  the  right  femoral  artery.  The 
diminished  out-flow  from  the  right  leg  below  the  aneurism,  in  part  following 
from  the  arterial  obstruction  and  in  part  possibly  from  simultaneous 
occlusion  of  the  femoral  vein,  would  tend  in  the  same  direction.  The  only 
objection  to  this  view  has  been  our  inability  to  detect  a  fall  of  venous  pressure 
in  the  left  leg  by  Hooker's  method  ;  the  method,  however,  is  insufficiently 
dcUcate  to  detect  minor  changes  of  pressure  with  certainty. 

iSo  far  as  volume  change  on  closing  the  aneurism  is  concerned,  our 
evidence  points  to  permanent  retention  of  a  small  extra  amount  of  blood 
in  the  arteries  ;  this  gain  of  blood  by  the  arterial  system  must,  of  course,, 
have  been  balanced  by  a  loss  of  blood  to  the  venous  system.  Since  the 
general  venous  pressure  was  not  lowered,  it  is  to  be  supposed  that  this  loss 
to  the  venous  volume  occurred  in  the  veins  of  the  left  leg,  in  the  venous 
aneurismal  sac,  and  in  small  jjart  in  the  arteries  of  the  right  leg  and  probably 
the  veins  of  this  leg  also. 
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Blood  flow  to  the  unnffected  limbs  and  its  changes. 

To  estimate  the  blood  flow  to  the  limbs  we  have  used  Hewlett  and 
Zwaluwenburg's  method'.  The  plethysmographs  described  in  the  preceding 
paragraph  were  used,  and  the  rise  in  the  volume  of  the  right  arm  or  left  leg 
following  occlusion  of  the  veins  of  the  limb  above  the  plethysmograph  was 
measured.  When  the  veins  are  occluded,  the  arterial  blood  flows  into  the 
limb,  and,  being  unable  to  escape  through  the  veins,  accumulates  in  it. 


Fig.  8.     Cu 


1  (June  tlie  5th).     Voliune  ciin'e  (reduced  a  little)  of  right  arm  showing  the  rate 
of  volume  increase  on  occluding  the  venous  return  from  the  limb. 
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Fig.  9.  Case,  I  (June  the  5th).  Similar  curve  (reduced  a  little)  showing  first  the  effect  of  closing 
the  right  femoral  artery  (rises  a  and  b)  and  later  the  rate  of  volume.increase  (rise  c)  on  occluding 
the  venous  outflow.  The  steeply  descending  line  near  tlie  end  of  the  record  is  the  imlex  mark 
written  by  the  recorder  with  the  drum  stopped  antl  the  pressiu'e  on  veins  and  femoral  artery 
released.  The  volume  of  the  limb  returns  to  its  original  level.  In  this  and  similar  curves 
the  grailuatiou  in  cubic  centimetres  is  shown  to  the  right  of  the  record. 
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In  the  case  of  the  arm,  which  was  small,  we  used  a  circular  pneumatic 
cuff  of  5  cm.  breadth  and  a  pressure  of  48  mm.  Hg.  suddenly  applied  ;* 
in  the  case  of  the  tliigh  we  used  a  special  cuff  having  a  breadth  of  15  cm.  and 
a  pressure  of  38  or  40  mm.  Hg..  The  amount  of  blood  flowing  into  the  hmb 
in  a  given  space  of  time  is  subsequently  ascertained  by  caUbrating  the 
instrument  in  cubic  centimetres. f  Rei^eated  observations  on  arm,  or  leg, 
or  both,  were  made  on  four  occasions  and  gave  satisfactorily  uniform  results 
so  far  as  both  limbs  were  concerned.  A  comparison  was  instituted  between 
the  inflow  into  these  limbs  with  the  right  femoral  artery  open  and  closed. 
Fig.  8  shows  the  effect  on  the  right  arm  volume  of  suddenly  impeding  the 
venous  return  with  the  anastomosis  open.  The  volume  begins  to  increase 
at  an  almost  uniform  rate  immediately  the  cuff  pressure  is  raised  and 
continues  to  do  so  until  the  recording  drum  is  stopped.  The  volume  increase 
is  5  cc.  in  41  seconds.  Fig.  9  first  shows  the  effect  on  arm  volume  of  closing 
the  right  femoral  artery.  There  is  an  immediate  rise  (o)  of  1  cc.  in  volume 
followed  by  a  second  rise  after  a  delay  of  about  10  seconds.  The  curve  then 
runs  level  until  the  venous  return  in  the  arm  is  suddenly  obstructed.  At 
this  obstruction  the  volume  immediately  begins  to  rise  (c)  and  the  curve  is 
continued  steeply  until  the  drum  is  stopped  and  the  pressure  in  the  cuff 
lowered.  The  rate  of  volume  increase  over  the  first  stretch  of  this  curve 
is  5  cc.  in  15-5  seconds.  Similar  volume  curves,  taken  from  the  left  leg,  are 
illustrated  by  Figs.  10  and  11. 

The  accompanying  table  serves  further  to  illustrate  the  time  in  seconds 
taken  for  the  first  5  cubic  centimetres  of  blood  to  flow  into  the  corresponding 
limb.  These  curves  of  volume  change  were  taken  on  June  the  5th  and  July 
the  3rd,  alternately  with  the  right  femoral  open  and  closed  ;  they  are 
sufficiently  representative  of  the  whole  series  of  observations. 

Rate  of  blood  flow  to  limbs. 


Right  arm.                                                     Left  leg. 
(Volume  1,79.5  cc).                                   (Volume  2,680  cc). 

Femorals 
open. 

Rt.  femoral 
closed. 

Femorals 
open. 

Bt.  femoral 
clcsed. 

June  5th 

41 
37 
45 

15-5 
l(j 
14 
16 

•2(i 
26 

13 
13 
17-5 

Averages  in  sees.    . . . 

41 

15-4 

26 

14-5 

July  3rd      

17 

18-5 

23 

S 

8-3 
11 

Averages  in  sees.     ... 

19-5 

9-1 

♦  Such  pressure  being  chosen  as  would  not  afiect  the  size  of  the  artery  in  diastole. 
t  The  initial  stage  of  the  rise  of  volume  being  alone  used  for  the  purpose,  because  it  corresponds 
to  the  period  when  the  pressure  in  the  veins  is  lowest. 
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The  inflow  to  the  right  arm  with  the  right  femoral  artery  closed  averages 
5  CO.  in  15-4  seconds,  or  approximately  20  cc.  per  minute  ;  the  inflow  per 
100  cc.  of  limb  per  minute  was  therefore  11  cc.  per  minute.  This  value 
is  lower  than  that  given  for  normal  subjects  by  Hewlett. 


L.^J^l. 


L.^yVol_ 


4-  ^.fctri.elostd- 


miniii  ii/i  im  iiiiiii 


LLL  UiJ.J_U_LLU_U.lUil 


Figs.  10  and  11.  Case  1  (Jiuie  the  5th).  A  similar  pair  of  curves  (sliglitly  reduced)  taken  from 
the  left  leg,  and  comparing  tlie  inflow  of  blood  to  this  limb  with  the  right  femoral  artery 
open  and  closed. 


The  inflow  jwr  100  cc.  i)f  the  left  leg,  with  the  right  femor.il  closed,  was 
a  little  less,  amounting  to  just  under  I  cc.  per  100  cc.  of  tissue  per  minute  on 
June  the  oth,  and  rather  more  than  this  on  July  the  3rd. 

Our  observations  were  undertaken  particularly  to  compare  tlic  in  How 
witli  the  right  femoral  artery  closed  and  open,  and  we  have  consistently 
found  the  flow  to  be  greatly  increased  by  closing  this  artery  and  thus  cutting 
out  the  anastomosis,   an   observation  which  is  entirely  comixitible  with  the 
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increased  velocity  of  flow  observed  in  the  capillaries.*  Briefly,  these  show 
that  compression  of  the  right  femoral  artery  increased  the  blood  flow  to 
both  the  left  arm  and  left  leg  by  approximately  100  per  cent.  ;  and  there  is 
no  obvious  reason  why  this  measure  may  not  be  taken  as  an  index  for  the 
tissues  of  the  body  in  general.  If  it  is  assumed  that  the  output  of  the  heart 
remained  constant  while  the  aneurismal  connection  was  free  or  closed,  then 
the  conclusion  may  be  carried  further  ;  for  we  must  in  that  case  allow  that, 
while  the  aneiu-ism  was  open,  half  the  heart's  output  passed  through  the 
aneurismal  sac.  Such  a  conclusion  does  not  appear  to  us  to  be  inherently 
improbable,  since  the  superficial  femoral  artery  is  naturally  large,  and  since 
autopsies  and  experimental  work  have  shown  it  frequently  much  dilated 
on  the  proximal  side  of  an  artcrio-venous  communication.  The  more  forcible 
pulse  in  the  right,  as  opposed  to  the  left,  common  femoral  artery  in  our 
patient  is  consistent  with  dilatation  of  the  former  vessel  in  our  own  patient. 
Moreover,  it  is  to  be  remembered  that  the  blood  flowed  through  the  communi- 
cation against  a  resistance  which  was  almost  inappreciable,  amounting,  at  the 
most,  to  about  7  cm.  of  water  (right  maleolar  vein  pressure)  when  our  patient 
was  lying  horizontally  ;  the  flow  from  the  artery  to  the  vein  must  have  been 
very  similar  in  amount  to  that  which  would  be  attained  were  the  aperture 
in  direct  communication  wath  the  atmosphere.  The  assumption  remains 
that  the  output  of  the  heart  was  the  same  whether  the  communication  is  open 
or  closed.  For  this  there  is  evidence.  We  know  that  in  these  two  cir- 
cumstances the  venous  pressure  remained  practically  unaltered  ;  from  this 
we  may  conclude  that  the  input  to  the  heart  remained  practically  constant. 
It  is  true  that  in  our  observations  we  have  witnessed  a  trifling  rise  of  venous 
pressure  on  closing  the  right  femoral  artery,  and  it  is  conceivable  that  this 
rise  of  pressure  might  in  small  measure  increase  the  cardiac  output ;  but 
the  increased  flow  to  the  sound  limb,  when  the  arterio-venous  communication 
was  stopped,  cannot  be  ascribed  to  this  cause.  Any  increase  in  output  from 
this  source  would  occur  after  an  appreciable  delay,  while  the  pressure  change 
was  transmitted  from  the  veins  to  right  heart  and  while  the  increased 
volume  of  blood  was  passed  from  the  right  to  the  left  side  of  the  heart. 
The  slight  rise  in  the  cej^hahc  venous  jiressure  observed  was  itself  a  delayed 
effect.  The  rise  in  the  amount  of  blood  flowing  to  the  sound  limb  on  com- 
pressing the  right  femoral  artery  was  not  a  delayed  effect,  it  was  immechate,  as 


*  The  relatively  small  amoiuit  of  blood  registered  as  flowing  into  the  limbs,  seemed  to  lis 
to  be  perhaps  in  part  attributable  to  the  pressure  of  water  on  the  limb  in  the  pletliysmograph. 
We,  therefore,  repeated  our  observations,  using  the  plethysmographs  filled  witli  air  (like  the  water, 
at  body  temperature)  but  obtained  similar  readings.  It  is  possible  that  ol>servations  upon 
different  patients  are  not  very  strictly  comparable,  since  the  plethysmograpli  cannot  be  rendered 
air-tight  witliout  compressing  the  limb  a  little  and  thus  raising  venous  pressure  in  it.  Such  a 
rise  of  venous  pressure  would  tend  to  slow  tlie  flow  into  the  limb.  We  lay  chief  stress  on  the 
comparative  readings  obtained  from  our  case,  namely,  before  and  during  compression  of  the 
right  femoral  artery;  for  the  conditions  of  tlie  pletliysmograph  in  these  two  circumstances 
remained  constant.  That  the  actual  quantities  measured  by  us  are  not  far  from  true  values, 
however,  is  mdicated  by  the  relative  straightness  of  the  lines  dra^vn  as  the  curves  ascend.  That 
the  blood  flow  to  the  limbs  in  our  patient  was  not  a  free  one  was  also  indicated  liy  the  usual 
coldness  of  his  extremities. 
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the  following  experiment,  often  repeated  on  both  arm  and  leg,  clearly  shows. 
A  curve  of  leg  volume  is  taken  and  the  pressure  in  a  cuff  above  the  jjlethysmo- 
graph  is  abruptly  raised  ;  the  rise  of  volume,  described  already,  immediately 
begins.  When  tliis  curve  has  been  recording  for  a  suitable  period  of  time 
the  right  femoral  artery  is  closed  ;  the  increase  in  the  volume  of  the  leg  is  at 
once  accelerated  ;  the  remainder  of  the  curve  presents  a  uniform  sweep 
throughout  its  course  (Fig.  12).  It  is  similar  in  inchnation  and  form  to  the 
last  half  of  an  inflow  curve  from  the  same  patient  when  the  right  femoral 
artery  has  been  closed  previous  to  the  occlusion  of  the  veins  (Fig.  13,  second 
curve).  Tlius,  it  is  clear  that  closure  of  the  anastomosis  at  once  increased 
the  flow  of  blood  to  the  hmb  to  its  full,  and  that  tliis  flow  was  maintained 
at  a  uniform  level.* 

The  reverse  of  the  observations  just  described  is  illustrated  by  the  first 
curve  of  Fig.  13.  In  tliis,  the  femoral  artery  was  first  closed  and,  during  the 
period  of  closure,  the  veins  were  suddenly  obstructed  ;  the  usual  steep  rise 
follows  and  continues  until  the  femoral  artery  is  released.  The  inclination  of 
the  curve  at  once  decUnes  in  obUquity,  the  rate  of  inflow  being  reduced 
to  that  of  the  first  part  of  Fig.  12.  The  first  curve  of  Fig.  13  is  followed  by 
a  second  in  wliich  the  simple  rise  of  volume  caused  by  obstructing  the  veins 
with  the  right  femoral  artery  closed  is  shown.  The  inchnation  of  tliis  curve 
may  be  suitably  compared  with  that  of  the  preceding  curve  of  the  same 
figure  and  with  that  of  Fig.  12.  It  is  to  be  noted  that  in  the  first  curve  of 
Fig.  13  there  is  no  second  and  delayed  change  in  the  rate  of  flow,  such  as 
woidd  be  anticipated  in  a  case  of  arterio-venous  aneurism  in  which  the 
opening  of  the  aneurism  raised  venous  pressure. 

Thus,  we  are  again  brought  to  the  conclusion,  for  this  patient,  that 
neither  opening  nor  closing  the  anastomosis  had  any  appreciable  influence 
on  cardiac  output. 

That  the  change  in  flow  to  the  sound  hmb  was  not  influenced  in  an 
appreciable  degree  by  the  cutting  off  of  the  arterial  flow  to  the  right  Hmb 
below  the  aneurism  has  been  shown  by  measuring  the  inflow  to  the  left  arm 
when  the  corresponding  artery  of  the  left  leg  was  occluded.  Between  these 
inflow  curves  and  those  taken  with  both  femoral  vessels  patent  we  have 
been  unable  to  detect  a  difference. 

To  sum  up,  it  seems  to  be  an  unavoidable  conclusion  that  the  sole  change 
of  importance  occurring  in  the  circulation  of  the  blood  on  closing  the 
arterio-venous  aneurism  was  that  the  portion  of  blood,  hitherto  passing 
through  the  aneurism  directly  to  the  vein,  was  now  directed  to  tlie  capillaries, 
and  through  these  reached  the  veins  ;  and  that  by  this  mechanism  the  filhng 
of  the  veins  and  the  output  of  the  heart  were  maintained  at  what  was 
practically  a  constant  point.     If  we  conclude,  as  we  must  from  our  data. 


*  It  is  probable  from  these  observations  that  the  slight  rises  of  venous  pressure,  seen  on 
the  one  occasion  when  they  were  examined,  on  compressing  the  femoral  artery,  was  actually  ao 
inconstant  affair,  as  was  the  secondary  increase  of  limb  volume  (Fig.  96) ;  and  that  it  was  absent 
on  most  of  the  occasions  on  which  tlie  flow  to  the  limbs  was  estimated. 
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that  the  blood  flow  to  the  tissues  of  the  body  generally  was  not  greater  that 
normal  when  the  arterio-venous  aneurism  of  our  patient  was  closed,  then  our 
chief  conclusion  in  respect  of  the  circulation  in  this  patient,  while  the  com- 
munication was  open,  namely,  that  the  blood  flow  to  the  tissues  of  the  body 
as  a  whole  was  reduced  to  a  half  its  normal  quantity,  becomes  established. 


Observations  by  Dr.  C.  H.  Kdlaivay  on  the  carbon  dioxide  in  the  alveolar  air, 
its  output,  and  change. 

To  estimate  the  CO^  in  the  alveolar  air,  Haldane's  method  was  used 
and  separate  estimates  were  made  on  three  separate  days.  Inspiratory  and 
exjiiratory  samples  were  collected  with  the  right  femoral  artery  open  and 
closed  ;  the  estimates  of  CO,  in  these  samples  are  given  in  the  accompanjdng 
table.  The  observations  are  given  in  the  order  in  wliich  they  were  obtained 
on  each  day  and  without  omission.  The  patient  was  at  rest  in  the  sitting 
posture  throughout  each  series.  On  the  first  two  days  the  samples  were 
collected  about  4  hours  after  the  evening  meal.  On  the  last  day  they  were 
collected  about  1|  hours  after  the  same  meal,  and  these  values  for  COj 
consequently  tend  to  dccUne  as  they  are  followed  down  the  columns. 

It  will  be  seen  that  on  all  three  occasions  the  mean  percentage  of  CO.^ 
in  the  alveolar  air  was  increased  by  apjiroximately  0-3  to  0-5  with  con- 
siderable constancy,  providing  that  the  right  femoral  artery  was  closed 
for  a  time  sufficient  to  jiermit  the  new  unmi.xed  venous  blood  to  reach  the 
lungs,  namely,  30  seconds.  One  sample,  drawn  immediately  after  closure 
of  the  right  femoral  artery,  presented  no  change. 

Alveolar  COj  mth  right  fetnoral  open  and  closed. 


Alveolar  00^ 

Mean 

COj  tension 

Date. 

percentage. 

ir 

Diff. 

Rt.  femoral  artery. 

expir. 

inspir. 

mm.Hg 

.  n.t.p 

May  22nd. 

5-99 

5-37 

5-78 

41-2 

}2-6 

Open. 

4  hours  after 

6-27 

5  93 

615 

43-8 

Closed  for  30  sees.* 

food. 

5-96 

5-32 

5-64 

402 

}2-6 

Open. 

619 

5-83 

6  01 

42-8 

Closed  for  30  sees.* 

May     26th. 

5-59 

5-35 

5-47 

390 

|l-9 

Open. 

4  liours  after 

5-97 

5-57 

5-74 

409 

Closed  for  30  sees.*. 

food. 

5-65 

5-33 

5-49 

391 

y  '7.0 

Open. 

5-95 

5-66 

5-80 

41-3 

Closed  for  30  sees.* 

June  12th. 

611 

5-92 

6  02 

42-9 



Open. 

Beginning  IJ 

6  05 

5-79 

5-92 

42-2 

— 

Immediately  after  closure. 

hrs.  after  food. 

609 

5-86 

5-97 

42-6 

}3-6 

Open. 

6-55 

6-41 

6-48 

46-2 

Closed  for  30  sees. 

5-89 

5-64 

5-77 

411 

J4-9 

Open. 

6-47 

5ir-, 

6-31 

45  0 

Closed  for  30  sees. 

615 

5-88 

602 

42-9 

— 

Closed  for  2  mins. 

5-80 

5-78 

5-79 

41-3 

Open. 

615 

5-78 

5-96 

42-6 

[•2-5 

Closed  for  2  mins. 

615 

615 

615 

43-8 

Closed  for  30  sees. 

'  Tlie  intervals  marked  with  asterisks  in  the  last  eolumn  are  approxiinate. 
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Two  samples,  each  drawn  2  minutes  after  closure  of  the  artery,  showed  a 
change  in  the  usual  direction,  but  the  degree  of  change  was  not  so  con- 
spicuous ;  these  two  observations  are  insufficiently  numerous  safely  to  be 
discussed. 

The  increased  quantity  of  CO.,,  constantly  found  in  the  alveolar  air 
after  obstruction  of  the  right  femoral  artery,  is  to  be  regarded  as  the  more 
normal  value  in  this  patient  ;  the  lessened  percentage  found  with  the  artery 
open  is  naturally  attributed  to  the  passage  of  arterial  blood  directly  from 
artery  to  vein,  and  forms  clear  evidence  of  a  free  communication  between 
the  two  vessels.  The  closure  of  the  right  femoral  artery,  producing  as  it  did 
this  considerable  rise  of  C0.>  tension  in  the  alveolar  air,  might  be  expected 
to  change  notably  the  rate  or  depth  of  breathing  ;  actually  such  a  change 
was  not  mtnessed.  On  each  of  the  first  two  days  of  observation  the  expired 
air  was  collected  in  a  Douglas  bag  for  a  period  of  5  minutes,  after  the  patient 
had  rested  quietly  for  an  hour,  the  right  femoral  artery  being  either  open 
or  closed  throughout  the  period. 


Date. 

No.  of 
respirations. 

Total 

ventilation 

in  litres. 

COa  per  cent. 

COa  output  in  ce. 

per  minute 

(dry  at  n.t.p.). 

Rt. 
femoral 
artery. 

May  22nd. 

— 

29-45 

412 

222 

Open. 

- 

3101 

4-23 

240 

Closed. 

May  2tUli. 

r)4 

29-74 

3-78 

209 

Open. 

67 

32-71 

3-78 

229 

Closed. 

The  increased  ventilation,  shown  by  the  accompanj'ing  values,  is  shght.* 
The  absence  of  a  larger  change  may  be  accounted  for  if  it  is  supposed  that 
when  the  right  femoral  artery  was  closed  the  arterial  blood,  though 
containing  a  higher  tension  of  COg,  reached  the  respiratory  centre  in  much 
larger  quantity,  for  an  increased  supply  of  blood  to  the  centre  would 
increase  the  amount  of  C0.>  passing  from  its  cells  to  the  blood  and  would 
thus  tend  to  lower  the  tension  of  CO2  in  the  respiratory  centre.  Such  a 
conclusion  is  in  harmony  isith  the  remaining  observations  upon  this  patient. 


*  Curves  of  respiration  taken  on  July  3rd,  for  successive  periods  of  about  1  minute  with  the 
right  femoral  artery  open  and  closed,  showed  no  constant  or  material  change  in  respiratory 
rate  or  excursion. 
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Case    II. 

The  following  case,  closely  resembling  the  first,  has  been  investigated 
somewhat  less  fully,  but  in  many  respects  confirms  the  observations  already 
recorded. 

H.  W.,  a  machine  hand,  of  26  years  of  age,  first  came  under  oljservation 
on  June  the  6th,  1921. 

He  joined  the  army  in  1915,  a  perfectly  fit  youth  of  19  years  ;  after 
completing  Ms  training  he  was  sent  to  France  in  1916,  and  three  months 
later  he  was  wounded  in  the  neck  by  a  spent  bullet ;  this  was  removed,  and 
six  weeks  later  he  returned  to  the  firing  line,  and  in  1917  was  shot  in  the  left 
thigh.  After  being  in  hosiiital  for  several  months  he  was  discharged  from 
the  army.  At  first  his  left  leg  was  swollen,  but  this  soon  became  normal 
again,  and  gave  place  to  an  aching  sensation  of  the  hmb  when  walking. 
Tliis  improved,  and  he  complained  only  of  slight  pain  in  the  left  leg,  and 
breathlessness  and  palpitation  even  at  rest,  symptoms  which  have  improved 
since. 

March  the  28th,  1923.  Physical  signs.  The  patient,  who  was  occupied  in 
odd  fight  work,  was  5  feet  1  inch  in  height,  and  114^  lbs.  in  weight.  Over 
Scarpa's  triangle,  on  the  left  side,  a  very  distinct  fullness  and  vigorous 
pulsation  existed,  which  involved  the  whole  of  the  triangle.  A  small  scar, 
7^  cm.  below  the  middle  of  Poupart's  Ugament,  marked  the  entrance  of 
wound  ;  a  similar  scar  on  the  back  of  the  thigh  on  the  same  level  marked 
the  wound  of  exit.  A  coarse,  continuous  thrill,  which  was  accentuated  in 
systole,  had  its  maximal  point  2  cm.  below  the  wound  of  entry,  and  could 
be  palpated  12  cm.  upwards  and  14  cm.  downwards  from  the  scar,  and  also 
on  the  inner  and  outer  sides  of  the  thigh.  A  corresponding  murmur  was 
easily  audible  over  the  whole  of  the  left  thigh,  and  downwards  to  the  middle 
of  the  calf  on  the  left  side,  and  upwards  over  the  whole  of  the  lower  half  of 
the  abdomen  ;  it  was  just  audible  over  Scarpa's  triangle  on  the  right  side. 
The  i^ulsation  of  the  left  common  femoral  was  somewhat  more  forcible  than 
that  of  the  right.  Under  the  skin,  in  the  region  of  Poupart's  ligament, 
tortuous  vessels  were  to  be  felt,  and  on  the  abdominal  side  of  the  hgament 
a  swollen  iUac  vessel  could  be  palpated.  The  pidses  in  the  j^osterior  tibial 
arteries  were  unequal,  that  of  the  right  being  of  good  volume  and  of  shghtly 
water-hammer  quaUty,  while  the  left  was  small  and  appeared  to  rise  slowly. 
The  radial  pulses  gave  the  impression  of  quickened  upstrokes.  Capillary 
pulsation  was  present  in  the  Ups  and  skin  of  the  face.  In  the  standing 
position  the  maximal  cardiac  impulse,  which  was  heaving  in  character,  lay 
in  the  5th  space,  4  cm.  beyond  the  nipple  fine,  or  12  cm.  from  the  mid-fine. 
The  5th  and  6th  ribs  moved  sUghtly  with  the  heart  beat.  The  left  margin 
of  dulness  lay  12|  cm.,  and  the  right  5  cm.  from  the  mid-Unc.  On 
auscultation,  a  short  inconstant  systohc  murmur  and  an  accentuated 
first  sound  were  heard  at  the  apex.  At  the  base  a  short  systoUc  murmur 
was  heard,  the  second  soimd  being  clear. 
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The  signs  remained  unchanged  when  the  patient  laj-  down,  except  that 
the  second  sound  at  the  apex  became  reduphcated.  Neither  the  liver  nor 
the  spleen  were  ijalpabk\    The  electrocardiograms  were  normal. 

Henri  rale. 

The  heart  rate  was  excessive.  While  the  patient  was  standing  it  was 
9G  per  minute  ;  after  the  patient  lay  quietly  for  some  time  it  fell  to  rates  of 
Co  to  70. 

Change  on  closing  the  right  femoral.  A  fall  of  rate  was  a  constant  effect 
when  the  left  femoral  was  closed.  The  following  figures  are  representative 
of  the  change  : — 


Date.    . 

Pemorals  open. 

Rt.  femoral  closed. 

March  27th     

66 

48 

April  9th         

71 

50 

July  12th        

66 
65 
68 
66 

40 
4.i 
42 
39 

The  fall  was  conspicuous,  amounting  to  about  20  heart  beats  per  minute. 
Compression  of  the  right  femoral  produced  no  change  of  heart  rate.  Similar 
effects  were  observed  on  several  subsequent  occasions.  Many  continuous 
optical  records  from  the  radial  artery  were  taken,  the  left  femoral  being 
compressed  or  released  during  the  taking  of  the  record.  The  act  of  com- 
pression or  release  was  signalled,  and  the  response  of  the  heart  to  change  of 
rate  was  found  to  begin  usually  at  the  ne.xt  beat,  occasionally  at  the  next 
beat  but  one  (see  Figs.  30  and  31). 

Full  slowing  was  usually  reached  within  2  or  3  seconds  of  compression. 
Full  acceleration  was  reached  within  5  or  6  seconds  of  the  act  of  decom- 
pression. 


Arterial  pressure. 

On  March  the  27th  and  April  the  9tli  the  average  systohc  pressure  in 
the  left  bracliial  averaged  116  and  115,  while  the  diastoUc  pressure  averaged 
55  and  50  mm.  Hg..  The  systohc  pressure  in  the  left  popliteal  averaged 
73  and  79,  while  that  of  the  right  gave  an  average  of  149  and  144  mm.  Hg.. 
Thus  the  average  systohc  pressure  of  the  left  jiopliteal  was  about  70  mm. 
Hg.  lower  than  that  of  the  right  pophteal,  and  about  40  lower  than  that 
of  the  left  brachial. 
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Effecls  of  femoral  occlusion.    The  following  table  illustrates  the  effect  of 
obUterating  the  common  femoral  arteries  upon  the  brachial  blood  pressures. 

Left  brachial  pressures  (alternately  with  and  without  obliteration  of  a  femoral  artery). 


Observer. 

Femorals 
open. 

Lf.  femoral 
closed. 

Femorals 
open. 

Rt.  femoral 
closed. 

A.  N.  D 

T.  L 

A.  N.  D 

T.  L 

(syst.) 
120 
114 
115 
114 

(diast.) 
58 
52 
54 

58 

(syst.) 

126 
120 
118 
118 

(diast.) 
74 
72 
72 
74 

(syst.) 
108 
110 

;diast.) 
44 
46 

(svst.) 
108 
108 

(diast.) 
44 
45 

Averages — March  27th 

116 

55 

120 

73 

109 

45 

108 

45 

T.  L 

T.  L 

A.  N.  D 

A.  N.  D 

116 
115 
114 
115 

52 
43 
50 
50 

124*- 120 
127-116 
125-118 
125-118 

72 
70 
72 

72 

- 

- 

112 
116 
114 
112 

52 

52 

48 

Averages — April  9th 

115 

50 

125-118 

71 

- 

- 

113 

51 

Occlusion  of  the  left  femoral  artery  raised  the  systolic  brachial  pressure 
3  or  4  mm.  Hg.  (temporarily  10  mm.)  ;  the  diastolic  pressure  rose  18  or 
21  mm.  Hg.,  the  pulse  pressure  being  thus  reduced  by  from  14  to  18  mm.  Hg.. 
Occlusion  of  the  right  femoral  artery  did  not  influence  the  brachial  pressures. 

The  systohc  and  pulse  pressures  of  this  patient  were  less  than  in  Case  1, 
and  the  rise  of  diastohc  pressure  and  chminution  of  pulse  pressure  on  closing 
the  femoral  artery  leading  to  the  aneurism  were  also  less  conspicuous. 

Differential  arterial  pressures  and  their  changes.  The  average  systohc 
pressure  in  the  right  pophteal  on  March  the  27th  and  April  the  9th  was  149 
and  144  ;  in  the  left  bracliial  it  was  116  and  110  mm.  Hg..  The  pressure  in 
the  right  pophteal  was  therefore  about  33  mm.  higher  than  in  the  bracliial. 
The  following  table  shows  the  effect  of  closing  the  femoral  arteries  upon  this 
differential  pressure. 


Observer. 

Right  pophteal  pressure. 

Left  brachial  pressure. 

Femorals 
open. 

Lf.  femoral 
closed. 

Femorals 
open. 

Lf.  femoral 
clo-sed. 

T.  L 

A.  N.  D 

T.  L 

A.  N.  D 

(syst.) 
150 
152 
148 
148 

(syst.) 
156 
158 
158 
158 

(syst.) 
120 
114 
115 
114 

(diast.) 
58 
52 
54 
58 

(syst.) 
126 
120 
118 
118 

(diast.) 
74 
72 
72 
74 

Averages — Marcli  27th 

149 

157 

116 

55 

120 

73 

A.  N.  D 

142 
142 
152 
140 

138*-138 
154-148 
162-158 
154-148 

112 
110 
112 
108 

48 
54 
54 
45 

125*-118 
125-116 
125-116 
115-110 

70 

72 
70 

72 

Averages — April  9th 

144 

152-148     . 

110 

50 

122-115 

71 

♦  Temporjiry  pressure. 
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As  in  Case  1,  closure  of  the  artery  leading  to  the  arterio- venous  aneurism 
(lid  not  diminish  Hill's  differential  pressure,  such  change  as  was  observed 
being  in  the  direction  of  an  increased  cUfference. 


Arterial  curves. 

The  pulse  of  this  patient  had  a  sUght  water-hammer  quality,  which 
was  but  little  accentuated  when  the  arm  was  raised  to  a  vertical  jDosition. 
Optical  pulse  curves  were  taken  from  the  right  radial  arterj'.  The  upstroke 
was  a  Httle  abrupt  in  its  initial  stages,  the  summit  prominent,  and  the  fall 
to  the  dicrotic  steeper  than  normal.  With  the  arm  horizontal,  the  intervals 
between  the  beginning  of  the  upstroke  and  the  summit  of  the  pulse  wave 
averaged  0121  of  a  second  ;  the  half-way  point  of  the  upstroke  was  reached 
in  the  average  in  0042  of  a  second,  a  normal  value.  In  the  vertical  position 
the  last  reading  was  0-.035  of  a  second,  a  value  below  normal.  These 
readings  are  comparable  to  those  of  Fell  and  Gilder  in  their  third  class  of 
aortic  regurgitation. 


Me-aaurements  of  optical  radial  curves  {March  2~tli). 


Pulse  rates. 

Begin,   of  stroke  to 
^  way  pt.  in  sees. 

Begin,   of 
suimnit 

stroke  to 
in  sees. 

Femoral 
arteries. 

Arm. 

74 

0038 

0115 

Open. 

Horizontal. 

47 

0046 

0117 

Lf.  closed. 

Horizontal. 

73 

0  035 

0105 

Open. 

Vertical. 

52 

00o2 

0-258 

Lf.  closed. 

Vertical. 

03 

0046 

0127 

Open. 

Horizontal. 

43 

0055 

0  130 

Lf.  closed. 

Horizontal. 

G7 

0049 

0128 

Open. 

Horizontal. 

60 

0  050 

0126 

Kt.  closed. 

Horizontal. 
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Effect  of  closing  the  left  femoral  artery.  The  pulse  became  slower,  and 
its  amplitude  was  decreased  when  the  femoral  artery  was  closed  ;  the  rate 
at  which  the  initial  jahases  of  the  pulse  were  written  was  slowed.  The  pulse 
was  much  more  sustained,  and  the  primary  wave  lieing  followed  by  a 
prominent  predicrotic  wave  which,  almost  equaUing  the  primary  wave  in 
height,  produced  a  form  of  plateau  (Figs.  28  and  29).  With  the  arm  vertical, 
closure  of  the  femoral  changed  the  pulse  to  an  anacrotic  form,  the  new 
summit  of  the  pulse  being  then  much  delayed.  The  change  in  form  of  the 
pulse  beat,  on  compressing  or  releasing  the  left  femoral  artery,  occurred 
promptly  (see  Figs.  30  and  31). 

Ciipillary  p ulsation. 

The  patient  presented  a  shght  spontaneous  capillary  pulse  in  the  skin 
of  the  forehead.  Conspicuous  jiulsation  was  visible  in  the  \\])  when  this  was 
pressed  upon  by  a  sheet  of  glass,  and  similarly  in  the  finger  nails  when 
suitably  pressed  upon.  Upon  obliterating  the  left  femoral,  the  pulsatile 
flushing  of  the  skin,  lips  and  nails  remained  apparently  undiminished. 

Venous  pressures. 

On  April  the  9th  the  calf  of  the  right  leg  measured  31  cm.,  while  that 
of  the  left  measured  30-5  cm..  There  seemed  to  be  but  httle  difference  in 
the  veins  of  the  two  legs  ;  the  veins  on  both  sides  were  sclerosed,  and  those 
of  the  right  appeared,  perhaps,  a  little  the  fuller.  The  patient  was  maintained 
in  the  horizontal  position,  and  a  series  of  venous  readings  was  taken  by 
Hooker's  method  from  the  dorsal  veins  of  the  left  hand  and  from  both  feet, 
all  of  which  were  maintained  at  precisely  the  same  level,  namely,  II  cm. 
below  the  sternum. 


Vi'-nous  {jres.mres  In  cm.  water  (  Hook 

er's  method). 

Dorsal  vein 

Dorsal  veins 

Observer. 

left  hand. 

of  foot. 

Riglit. 

Left. 

T.  L 

12 

11 

20 

T.  L 

15 

12 

20 

T.  L 

12 

12 

20 

T.  L 

12 

12 

— 

A.N.I) 

12 

13 

20 

A.  N.  U 

13 

14 

22 

A.  N.  D 

11 

11 

20 

A.  N.  i) 

12 

12 

— 

12  4 

121 

203 

Average  values. 

+  1-4 

+  11 

+  93 

Corrected  averages. 

Thus,  the  pressures  in  left  hand  and  right  foot  were  equal,  while  that  of 
the  left  foot  was  raised  by  about  8  cm.  of  water. 
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Effect  of  closing  the  left  femoral  artery.  Many  readings  were  taken  bj^ 
Hooker's  method  of  the  venous  pressures  in  the  veins  of  left  hand  and  right 
foot,  before  and  after  closing  tlie  left  femoral  artery,  the  state  of  the  artery 
being  unknown  to  the  observer.  Such  differences  as  were  observed  were  no 
greater  tiian  the  usual  variations  and  were  with  equal  frequence  in  opposite 
directions.  A  needle  was  introduced  a  little  later  on  the  same  day  into  the 
basiUc  vein  of  the  left  arm  and  the  pressures  were  observed  directly. 
Immediately  beforehand,  fresh  readings  by  Hooker's  method  were  taken 
from  the  veins  of  the  left  hand,  the  latter  being  11  cm.  below  the  sternum. 
These  readings  gave  an  average  value  of  14-4  cm.  of  water  (the  corrected 
value  being  +3-4  cm.).  The  direct  readings  were  then  taken,  the  basiho 
vein  iNdng  10-2  cm.  below  the  sternum.  During  the  whole  of  these  obser- 
vations the  pressure  was  oscillating  about  2  or  3  mm.  with  respiration. 
The  average  reading  when  the  femoral  arteries  were  open  was  12-3  cm.  of 
water  (the  corrected  value  being  +21  cm.).  On  compressing  the  left  femoral 
artery  the  pressure  usually  remained  unaltered  ;  occasionally  a  rise  of  a  few 
milhmetres  was  observed.  This  rise  was  a  gradual  one,  being  delayed  for 
a  few  seconds  and  spread  over  a  few  more  and  being  then  maintained  ; 
no  appreciable  rise  was  seen  on  the  three  occasions  on  wliich  the  riglit  artery 
was  compressed.  As  in  Case  1,  no  change  in  the  tone  of  the  abdominal 
muscles  could  be  detected,  and  the  breathing  though  irregular  showed  no 
concomitant  changes. 


Basilic  vein  pressures  in  cm.  ivater  {direct  method). 


Femorals  open. 

One  femoral  artery  closed 

for  a  few  sees. 

for  longer  periods. 

121 

— 

11-9 

Left  artery 

closed  30  sees. 

118 

— 

— 

12-7 

— 

13-2 

,.       ISO     „ 

12-3 

— ■ 

126 

.. 

„      30     „ 

12-5 

-                1                 12-4 

., 

„       30     ,. 

12-1 

120 

.. 

„       30     „ 

11-9 

12-2 

121 

„      30     ., 

12-2 

12-3 

12-2 

Right     " 

„      30     „ 

12.2 

12-3 

12-2 

„      30     „ 

12-3 

12-9 

130 

Left        " 

„      30     „ 

12-2 

12-3 

12-2 

Right      „ 

„      30     „ 

12-6 

13-2 

12-9 

Left 

„    120     „ 

12-8 

12-8 

12-7 

„       30     „ 

12-6 

131 

12-8 

"          " 

„       30     „ 

Size  of  heart,  etc. 

The  chest  of  this  patient  was  small,  and  the  clinical  signs  were  definitely 
those  of  an  enlarged  heart.  The  antero-posterior  of  the  diagram  gave  the 
follo\^-ing  measurements  : — the  transverse  diameter  was  13-7  cm.,  the 
longitudinal  was  132  cm..  These  values  are  in  excess  of  the  normal  for  men 
of  the  same  weight. 
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Change  in  size  of  heart.  On  closing  the  left  femoral  artery,  the  diastolic 
position  of  the  right  auricular  shadow  appeared  to  remain  unaltered  ;  the 
s3'stolic  outline  moved  distinctly  inwards  by  a  fraction  of  a  centimetre. 

Changes  in  heart  sounds.  On  closing  the  left  femoral  artery  no  ap- 
preciable change  in  the  loudness  of  the  heart  sounds  could  be  detected. 

Bloodfloiv  to  the  unaffected  leg,  etc. 

On  compressing  the  left  femoral  artery  we  were  unable  to  detect  any 
deepening  in  the  colour  of  the  face.  Volume  curves  taken  from  the  right 
leg  showed  no  change  on  cutting  out  the  aneurism  ;  in  this  respect  the 
patient  showed  a  similar  reaction  to  Case  1,  though  in  that  case  the  leg 
volume  fell  very  shghtly. 

The  blood  flow  to  the  right  leg  (volume  approximately  3,000  cc.)  was 
repeatedl}^  tested  on  July  the  12th,*  with  the  left  femoral  artery  closed  and 
open.  A  water  plethysmograph  was  employed  and  pressures  of  40  and 
50  mm.  Hg.  were  thrown  on  to  the  veins.  The  average  flow  with  the  anas- 
tomosis in  play  was  5  cc.  in  5-2  seconds  and,  with  the  artery  to  the  aneurism 
occluded,  it  was  5  cc.  in  4-1  seconds. f  The  blood  flow  through  the  sound 
leg  of  this  patient  was  a  good  deal  larger  than  that  found  in  Case  1 ,  amount- 
ing, when  the  aneurism  was  closed,  to  2-44  cc.  per  minute  to  100  cc.  of  tissue, 
a  normal  value,  according  to  Hewlett.  With  the  aneurism  open  it  amounted 
to  1-92  cc.  per  100  cc.  of  tissue  per  minute.  The  rise  in  flow  on  closing  the 
path  to  the  aneurism  was  thus  increased  by  approximately  30  per  cent.. 
In  the  first  case,  in  which  the  arterial  disturbances  were  greater,  it  was 
approximately  100  jier  cent.. 


In  the  following  three  cases,  the  arterio-venous  aneurism  was  more 
deeply  seated,  and  occlusion  of  the  artery  leading  to  it  was  not  possible.  We 
include  these  cases  because  in  many  particulars  they  strengthen  our 
description  of  the  circulatory  changes  which  occur  in  arterio-venous 
aneurism. 

♦  We  were  not  entirely  content  witli  the  inflow  curves  of  tliis  patient,  as  the  steady  sweep 
of  the  curves  was  invariably  broken  by  a  period  of  slower  rise,  after  7  or  10  cc.  of  blood  had 
entered  the  limb.  Tliis  deformity  of  tlie  curves  was  maintained  after  taking  off  and  replacing 
the  plethysmograph  and  appeared  to  be  a  genuine  vohime  etiect,  but  it  remained  unexplained. 
Our  readings  were  taken  on  the  stretches  of  curve  preceding  this  period  of  slower  rise.  The 
figures  must  be  viewed,  however,  with  some  reserve. 

t  At  a  first  sitting  the  inflow  into  the  leg  of  this  patient  could  not  be  obtained,  owing  to 
constant  though  irregular  fluctuations  of  the  volume.  These  variations  were  continued  when 
the  patient  slept. 
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CASE   3. 

T.  J.  H.,  a  stock-keeper  of  27  years  of  age,  was  first  exainiued  on  July  tlie  28tli,  1921.  He 
joined  the  army  in  Seiitemher,  1914,  and  was  perfectly  fit  until  Juno,  191t>,  when  he  received  a 
shrapnel  wounil  in  the  liack  of  the  neck.  Not  losing  conscio<isness.  he  walked  to  the  dressing 
station  and  was  suhsoqueutly  in  hospital  for  about  six  months.  At  first  the  neck  on  the  left  side 
was  much  swollen,  and  for  ahout  three  weeks  he  was  al)Solutely  without  voice.  A  few  days  aftec 
being  wounded  he  began  to  hear  a  noise  in  his  chest  which  has  since  been  maintained.  After 
discliarge  from  hospital  he  improved  m\ich,  Ijut  his  voice  never  completely  recovered.  He  was 
discharged  from  the  army  in  January,  1917.  When  first  seen  by  us  he  complained  of  hoarseness 
of  the  voice,  a  continuous  buzzing  noise  in  his  head,  with  shortness  of  breath  and  precordial  pain 
on  efTort.     There  was  no  history  of  any  past  illnesses. 

Physical  signs  (July  the  28th,  1921,  and  March  the  oth,  192.'5).  Between  these  two  dates  his 
physical  signs  remained  unchanged.  He  was  a  well-built  man,  5ft.  8iin.  in  height,  and  weighed 
l.")4  lbs.  The  conjunctivsB  were  suffused  and  the  skin  over  the  malar  eminences  injected.  The 
scar  of  the  entering  bullet  was  near  the  middle  of  the  left  subclavian  triangle  at  the  edge  of  the 
trapezius  muscle.  No  mark  of  its  exit  coidd  he  foimd  and  pieces  of  metal  could  be  felt  imder 
the  skin  in  the  episternal  notch;  under  the  X-rays  one  fragment  of  bullet  was  seen  to  lie 
between  the  trachea  and  manubrium  and  another  in  the  left  supraclavicular  region.  The 
left  vocal  cord  was  seen  to  be  paralysed.  A  continuous  tlirill  was  felt  over  the  whole 
supraclavicular  triangle,  having  its  maximal  intensity  in  tlie  region  of  the  jugular  bulb, 
extending  upwards  on  both  sides  of  the  neck  to  the  angle  of  the  jaw  and  downwards 
over  the  sternum  and  on  both  sides  of  it  to  the  level  of  the  second  rib.  On  auscultation. 
a  continuous  murmur  (see  Fig  2G),  accentuated  at  each  systole,  was  heard  over  the  same  area,  and 
extending  further  to  include  the  whole  front  of  the  chest,  down  both  arms  to  a  little  below  the 
elbows.  Posteriorly  it  was  heard  over  all  the  chest  wall,  being  most  intense  in  the  interscapulai 
regions.  While  the  patient  stootl,  the  veins  of  the  left  side  of  the  neck  seemed  more  tlistended 
than  tho.se  of  tlie  right,  and  the  left  cephalic  vein  was  more  prominent  than  the  right,  though  the 
veins  of  the  liands  were  eiiually  distended.  Tlie  heart's  impulse  lay  in  the  5vli  and  6th  spaces, 
just  internal  to  the  nipple  (10  cm.  from  the  middle  line)  ;  the  duhiess  to  percussion  lay  a  little 
beyond  the  impulse  ;  the  right  margin  was  foimd  5  cm.  to  the  riglit  of  the  middle  line.  With  the 
patient  recumbent  the  impulse  remained  unchanged,  as  did  the  area  of  dulness.  There  was  no 
abnormal  area  of  dulness  over  the  upper  chest  wall.  The  first  heart  sound  at  the  impulse  was 
loud  and  the  second  sonnd  redupUcated  ;  at  the  base  only  the  continuous  murmur  was  audible. 
While  the  patient  was  in  f,liis  posture  a  systolic  pulsation  of  the  right  cephalic  vein,  centrifugal  and 
extending  to  the  elbow,  was  visible. 

The  arteries  of  the  neck  ))uLsated  vigorously,  moving  the  lobes  of  the  ears.  The  pidsations 
of  the  two  superficial  temporal  arteries  were  strong  and  seamed  equal.  The  radial  pulses  seemed 
equal ;  they  presented  a  conspicuous  water-hammer  quality,  wliich  was  accentuated  by  raising 
the  arms,  when  a  definite  thrill  became  palpable.  The  digital  arteries  pulsated  appreciably.  A 
spontaneous  capillary  pulsation  in  tlie  skin  of  the  forehead  and  cheeks  was  seen,  and  a  similar 
plienomenon  was  readily  elicited  by  pressing  on  the  finger  nails  and  on  the  lips. 

Heart  rate.     The  average  resting  heart  rate  was  72  per  minute.     The  average  systolic  blood 
pressui-es  in  the  two  brachial  vessels  were  almost  equal  to  each  other,  while  those  in  the  popliteals 
were  a  good  deal  higher.     The  diastolic  pressures  in  the  arms  were  low. 
Average  blood  pressures. 


Rt.  brachial. 

Lf.  brachial. 

Rt.  popliteal. 

Lf.  popliteal. 

(syst.) 
140 

(diast.) 
59 

(syst.) 
132 

(diast.) 
68 

1 

(syst.)            :            (syst.) 

185              i              177 

Arterial  pulse.  Several  optical  curves  were  taken  from  each  radial  artery  ;  the  intervals 
between  the  beginning  of  the  upstroke  and  the  lialf-way  point  of  the  upstroke,  and  between  the 
former  and  the  suimiiit  of  the  pulse  were  measured.  The  values  for  the  half-way  point  were 
much  under  normal,  especially  when  the  arm  was  held  vertical,  and  in  the  curves  taken  with  the 
arm  vertical  a  series  of  rapid  oscillations  was  present  on  the  last  part  of  the  upstroke  and  on  the 
summit  of  the  cur\'e  (see  Fig.  14). 


Pulse  rate. 

Beginning  of  upstroke 
to  i-way  point  in  sees. 

Beginning  of  upstroke 
to  summit  in  sees. 

Arm. 

75 
77 
67 
67 
68 
73 

0  031 

OOU 

0019 

0013 

0036* 

0018 

0077 

0074 
0074 
0086 
0077 

Lf.,  horizontal. 
Lf.,  vertical. 
Rt.,  horizontal. 
Rt.,  vertical. 
Rt.,  horizontal. 
Rt.,  vertical. 

*This  value  is  exceptional  because  the  half-way  point  fell  immediately  beyond  a  hesitation 
on  the  upstroke  of  the  curve. 
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Venous  pressures:  The  hands  -were  placed  level  with  each  other  and,  the  patient  being 
i-ecumbent,  13  cm.  below  the  level  of  the  sternum.  The  pressures  were  equal  in  the  veins  of  the 
two  hands,  averaging  13-6  cm.  of  water  by  Hooker's  method.  The  basilic  vein  was  then  punctiued 
and  attaolied  to  a  citrate  manometer.  It  lay  7  em.  beloW  the  sternum  and  the  pressure  in  it 
averaged  Sfi  cm.  of  water. 

Size  of  the  heart.  An  orthodiagram  of  the  heart  taken  with  the  patient  erect  gave  the 
following  measurements  ; — mid-line  to  right  margin,  4-5  cm.  ;  mid-line  to  left  margin,  90  cm., 
and  longitudinal  diameter  150  cm.. 

Sound  record.  A  record  of  the  murmur,  taken  over  the  left  jugular  bulb  and  a  simultaneous 
optical  venous  curve,  taken  from  the  supraclavicular  veins  of  the  right  side,  is  shown  in  Fig.  2fi. 
The  murmur  is  seen  to  be  continuous,  though  its  main  oscillations  (numbering  12.5  per  second) 
increase  conspicuously  in  amplitude  during  systole  ;  the  increase  in  amplitude  begins  almost 
immediately  after  the  rise  of  tlie  c  wave.  The  optical  record  is  a  little  disturbed  by  the  transmitted 
vibrations ;  it  records  also  the  1st  and  2nd  heart  sounds. 

Comment.  The  precise  situation  of  the  aiterio-venous  anastomosis  in  this  case  eoul<l  not  be 
ascertained.  The  maximal  point  of  the  thrill  and  the  situation  of  the  woimd  indicated  a  junction 
between  the  left  jugular  and  carotid  arteries.  Tlie  equality  of  venous  arm  pressures  was  compatible 
with  this  diagnosis,  the  only  point  opposed  to  it  being  tlie  seeming  equality  of  pressures  in  the 
two  superficial  temporal  arteries. 

The  case  is  reported  because  it  displayed  conspicuous  arterial  signs,  capillary  pulse,  large 
pulse  pressure,  rapifl  vipstroke  of  the  radial  pulse.  Hill's  differential  arm-leg  pressure,  and  a  heart 
whose  size  was  on  tlie  maximal  limits  of  normality. 


CASE  4. 

F.  (!.  F.,  aged  24,  first  came  imder  observation  on  May  the  17th,  1920.  He  joined  the  army 
in  March,  1917,  as  a  perfectly  fit  lad  of  18  years.  In  his  youth  he  played  cricket  and  football 
without  trouble  and  took  active  exercise  in  other  forms.  He  was  wounded  in  the  chest  in  Decem- 
ber, 1917,  by  shrapnel,  tlie  missile  entering  the  chest  anteriosly  at  the  level  of  the  2nd  rib,  about 
2  inches  to  the  left  of  the  mid-line,  and  leaving  it  posteriosly  below  the  angle  of  the  left  scapula. 
A  fragment  of  shrapnel  remained  in  the  left  lung,  lying  near  the  hilus  and  about  an  inch  to  the 
left  of  the  border  of  the  left  ventricle  near  its  base.  Following  upon  the  wound  he  was  in  hospital 
for  six  months  and  was  operated  upon  several  times.  On  leaving  hospital  he  experienced 
breathlessness  on  exertion,  easy  exliaustion  accompanied  by  giddiness  and  faintness.  These 
symptoms  he  ascribed  exclusively  to  the  woiuid,  and  they  hail  improved  up  to  the  time  when  he 
first  came  under  obsen'ation. 

May  the  ITth,  1920.  His  height  was  (ift.  l.Un.,  his  weight  147  lbs.  He  was  of  healthy 
appearance.  Over  the  position  of  the  2nd  left  ril>  in  front  was  a  large  depressed  scar  ;  the  middle 
portion  of  this  rib  had  been  excised.  A  second  large  scar  was  seen  just  below  the  angle  of  the  left 
scapula.  Over  the  2nd  left  rib  in  front  a  continuous,  coarse  murmur,  accompanied  by  a  tlirill, 
was  audible;  the  murmur  was  almost  equally  amlible  in  the  2nd  right  space,  its  systolic  element 
being  well  conducted  as  far  as  the  left  nipple  and  distantly  heard  in  the  left  and  right  axillie  and 
in  the  neck.     A  systolic  murmur  was  well  heard  at  the  left  interscapular  region. 

The  heart's  impulse  lay  1  cm.  l)eyond  the  nipple  in  the  5th  space  ;  the  heart  was  considered 
to  be  probably  slightly  enlarged.     The  radial  pulses  were  equal  and  of  water-hammer  quality. 

February  the  2nd,  1923.  The  patient,  then  a  medical  student,  presented  imaltered  symptoms ; 
he  was  breathless  on  hurrying.  At  rest  his  pulse  rate  was  76  per  minute.  The  cardiac  impulse 
lay  in  the  5tli  and  tith  spaces,  heaving  in  the  former.  Its  outer  limit  lay  5  cm.  beyond  the  nipple 
or  12'5  cm.  from  the  luid-line.  The  5th  and  0th  ribs  moved  very  appreciably  forwards  at  each 
systole.  The  left  limit  of  cardiac  dubiess  lay  at  the  impulse,  the  right  limit  being  3  cm.  to  the 
right  of  the  sternum.  Thus  the  heart  allowed  signs  of  enlargementbetween  the  twoe.xaininations. 
The  remaining  signs  over  the  chest  were  unchanged.  The  right  and  left  radial  pulse  bad  a  full 
water-hammer  quality,  exhiliiting  a  thrill  when  the  wrist  was  held  up.  Standing  and  lying,  a 
conspicuous  flush  of  the  whole  face  with  each  pulse  beat  was  visible,  the  same  phenomenon  being 
seen  in  the  nails,  without  pressing  upon  them  and  while  the  arms  were  horizont.al.  Tlie  veins  of 
the  back  of  the  hands  were  not  seen  to  pulsate,  even  when  held  at  different  levels.  The  arteries 
of  the  neck  pulsated  vigorously,  moving  the  loljes  of  the  oars,  and  botli  superficial  temporal  pulses 
were  visilile.  The  digital  arteries  pulsated  vigorously  and  were  felt  lieatuig  to  the  very  tips  of  the 
fingers.  There  was  no  appreciable  fulness  of  the  veins  of  either  arm  nor  of  those  on  the  chest. 
Tiie  pulse  in  the  posterior  tibial  and  dorsalis  pedis  arteries  was  strong,  but  had  not  the  shock-like 
character  of  that  in  the  upper  arteries.     No  capillary  pulsation  was  visilile  in  the  nails  of  the  toes. 
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Arterial  pressures.     The  following  blood  pressures  were  recorded  : — 


Right 
popliteal. 


Averages — February  2nd 
March  19th 
April  10th 


(diast.)  (svst.) 

43*  "157 

40  >■  154 

39  I  153 


*  The  soxind  never  vanished;    it  increased  in  intensity  down  to  about  55  or  eO  mm.  Hg.. 

.Arterial  pitlse  ciirven  (February  2nd).      Optical  curves  of  the  right  radial  pulse  gave  the 
following  measuroments  : — 


Pulse  rate. 

Begiiming  of 

upstroke  to  1-way 

point  in  .sees. 

Beginnuig  of 

upstroke  to 

summit  in  sees. 

.\xm. 

75 
74 

0031 
0015. 

0082 
0  066 

Kt.,  horizontal. 
Rt.,  vertical. 

Tlie  form  of  the  pulse  wave  altered  materially  wlien  the  arm  was  raised,  the  first  portion  of 
tlie  upstroke  becoming  much  more  rapid,  a  conspicuous  notch  appeiwing  on  the  upstroke  near 
the  summit  and  two  smaller  ones  on  the  summit,  and  the  dicrotic  becoming  much  less  distinct 
(Kigs.   15  and   16). 

Venotis  pressures.  The  average  venous  pressiu-e  in  left  hand,  right  haixd  and  left  foot,  all 
placed  14  cm.  below  the  level  of  the  sternum,  were  10-6,  11-5  and  13-5  cm.  water,  respectively, 
on  March  the  19th  ;  on  April  the  10th,  with  the  lunbs  11-5  cm.  below  the  sternum,  the  pressures 
were  H-0,  140  and  16  cm.  water,  respectively. 

ISizc  of  heart  {February  2tui).  The  orthodiagrapli  sliowed  considerable  cardiac  enlargement. 
The  right  margin  lay  6-3  and  the  left  8-5  cm.  from  the  mid  line  ;  the  longitudinal  diameter  was 
lb-2  cm.. 

Comment.  The  precise  situation  of  the  arterial  leak  coidd  not  be  determined  iu  tliis  case. 
The  equality  of  brachial  pressures  suggested  a  lesion  involving  the  aorta  itself.  The  commmiication 
might  be  between  the  aorta  and  superior  cava  or  between  the  first  vessel  and  tlie  pulmonary 
artery  or  its  brancli.  Tlie  case  is  reported  because  it  exhibited  conspicuous  arterial  signs, 
capillary  pulsation,  high  pulse  pressure,  a  rapid  upstroke  of  the  pulse.  Hill's  difierential  arm-leg 
pressure,  and  a  heart  notably  enlarging. 

CA8E  5. 

A.  L.,  a  man  26  years  of  age,  first  came  mider  obser\'ation  on  February  the  14tli,  1921. 
He  joined  the  army  in  1916,  and  was  perfectly  tit  until  August,  1919,  when,  as  he  was  walking 
at  night,  be  was  shot  at  very  close  range  in  the  left  slioukler  by  a  kneeling  Arab.  At  tii-st  he 
brought  up  a  little  blood,  and  also  complained  of  a  burning  sensation  along  the,jjmer  side  of  the 
left  arm,  but  the  wound  healed  quickly  and  after  about  tliree  months  this  sensation  dis;ippeared 
and  left  him  with  a  dull  pain  at  tlie  left  shoidder  and  left  side  of  neck,  and  a  continuous  noise  in 
his  chest  which  disturbed  him,  especially  at  night.  Aliout  this  time  he  noticed  also  that  the 
veins  Ijeiieath  his  left  clavicle  were  swollen.  He  was  in  hospital  for  aljout  six  months,  and  was 
discharged  from  the  army  in  July,  1920.  On  exertion  the  left  arm,  which  remained  weaker  than 
the  riglit,  became  painful  and  numb  ;  he  tired  easily,  and  bad  slight  shortness  of  breath  when 
hurrying  along.  There  was  no  history  of  past  illnesses.  The  patient  was  examined  on  February 
tlie  1 4th,  1921,  and  periodically  till  February  the  26tli,  1923.  His  symptoms  remained  unchanged 
except  that  he  thought  the  noise  in  his  chest  became  louder. 

February  the  26th,  1923.*  The  patient  was  a  man  of  5ft.  8Un.  in  height  and  154  11)S.  in 
weight.  The  wound  of  entry  was  seen  as  a  small  round  scar  iu  the  first  intercostal  space  2  cm. 
below  the  junction  of  the  irmer  and  middle  thirds  of  the  left  clavicle  ;  the  exit  woiuid  lay  higher 
and  more  to  the  left,  being  just  above  the  spine  of  the  left  scapula  ;  these  marked  an  obhque  track 

*  The  signs  eUcited  upon  first  examination  on  February  the  14th,  1921,  and  subsequently, 
did  not  differ  in  any  material  degree  from  those  detailed  below. 
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wliich  wo.ild  i)as3  a  little  deep  to  the  clavicle  at  about  its  middle  line.  The  huUet  had  evidently 
passed  through  left  subclavian  artery  and  vein,  anastomosing  thorn.  A  long  and  prominent 
leash  of  tortuous  vessels  spreading  over  the  front  of  the  chest  beneath,  and  parallel  to  the  left 
clavicle,  were  joined  by  tlie  left  cephalic  vein.  A  continuous  tlirill  coidd  lie  felt  anteriorly  over 
the  left  chest,  having  a  maximal  point  inunodiately  below  the  midpoint  of  the  left  clavicle, 
palpable  as  far  as  the  left  nipple,  and  extending  through  tlie  supraclavicular  triangle.  A 
continuous  rough  murmur,  accentuated  in  systole,  was  audible  over  tlie  whole  of  the  chest,  back 
and  front,  except  in  the  lower  parts  of  the  axillse,  ami  over  both  shoulders  and  both  sides  of  the 
neck.  In  the  dorsal  position,  the  main  cardiac  impulse  lay  in  the  5th  space  in  the  nipple  line, 
10  cm.  from  the  mid-line,  anrl  was  palpable  12.1  cm.  from  the  mid-line.  There  was  no  rib  move- 
nvent.  Cardiac  duhiess  began  10  cm.  from  tlie  mid-lino,  and  on  the  right  side  (i  cm.  from  the  mid- 
line. No  sul)clavicular  dulness  was  fomid.  While  the  patient  stood,  the  main  cardiac  impulse 
lay  in  the  5th  and  slightly  in  the  6tli  spaces,  in  the  nipple  line  or  a  little  outside  it.  The 
percussion  dulness  lay  llj  cm.  from  tlic  mid-line  on  the  left  and  5  cm.  from  the  mid-line  on  the 
right  side.  The  heart  sounds  at  the  apex  were  natm-al,  bvit  at  the  base  of  the  heart  were  oliscured 
by  the  murmur.  Tlie  arteries  of  the  neck  pulsated  excessively.  The  face  and  nock  were  fluslied, 
and  a  full  capillary  pulse  was  visible  in  the  lips.  The  veins  of  the  neck  were  a  little  full,  and  the 
veuis  of  the  left  arm  more  prominent  than  those  in  the  right,  while  the  skin  of  the  left  arm  was  a 
little  redder.  No  capillary  pulsation  could  be  detected  in  the  finger  nails.  There  was  a  little 
analgesia  along  the  left  wrist,  on  the  outer  side  of  the  thumb,  and  of  the  little  finger.  The  pulse 
in  the  right  radial  was  full  and  hafl  a  water-hammer  quality  ;  the  left  pulse  was  small  and 
appeared  to  be  slow  in  rising. 

Arterial  pressures.  The  following  arterial  pressures  were  obtained.  The  systolic  pressure 
in  the  right  arm  was  normal,  the  diastolic  pressure  very  low.  The  systolic  pressure  in  the  right 
popliteal  artery  was  higher  than  that  in  the  right  brachial. 


Left 
brachial. 

Right 
brachial. 

Right 
popliteal. 

Averages — February  2()th   ... 

„            March  20th         

(syst.) 
65 

t)0 

(diast.) 

unol)taui- 

able 

(syst.) 
128 

122 

(diast.) 
59 

44 

(svat.) 
141 

136 

Arterial  curves  (February  '2tith).     Optical  cur\'ea  were  taken  of  the  radial  pulses  and  the 
following  measurements  obtained  : — 


Pulse  rate. 

Beginning  to 

J -way  of  ap.stroke 

in  sees. 

Begiiming  to 

summit  of  upstroke 

in  sees. 

Arm. 

87 
88 
84 

0026 
0028 
0071 

0077 
0078 
0130 

Rt.,  horizontal. 
Rt.,  vertical. 
Lf.,  horizontal. 

The  measurements  show  that  the  pulse  in  the  right  arm  rose  more  steeply  for  tlie  firet  lialf  of 
its  excursion  than  does  the  normal  pulse.  Tlie  rise  of  the  pulse  in  the  left  arm  was  imusually  slow. 
The  weakness  of  this  pulse,  like  the  low  systolic  pressure  in  this  arm,  is  attributed  to  the  pulse 
energy  being  partly  dissipated  in  the  left  subclavian  vein. 

Venous  pressures.  On  JIarcli  the  20th  the  venous  pressures  were  taken  in  the  left  hand, 
right  hand  and  left  foot,  all  lying  at  a  level  loi  cm.  below  the  sternum.  The  average  values  were 
13-4,  10-4  and  12-4  cm.,  respectively. 

Size  of  the  heart.  The  orthodiagi'apli  measureraente  were  as  follows  .- — The  right  edge  of 
auricle  lay  40  and  the  left  edge  of  the  heart  lay  9-2  cm.  from  the  mid  line.  The  longitudinal 
diameter  was  14-2  cm.. 

Co)nment.  This  case  was  clearly  one  of  left  subclavian  anastomosis,  lowering  the  pressure 
in  the  left  brachial  artery  and  raising  it  in  the  veins  of  the  left  arm.  The  general  arterial  signs 
of  arterial  leak  were  not  very  conspicuous  ;  capillary  pulsation  was  seen  and  the  pulse  possessed 
a  slight  Init  distinct  water-hammer  quality  ;  tliere  was  a  smalldiflerence  between  the  popliteal  and 
riglit  liracliial  pressures.     The  si/.e  of  the  heart  was  in  tlie  high  limits  of  normality. 
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Sc.MMARY    AND    GENERAL    REMAEKS. 

The  effects  of  arterio-vcnous  aneurism  on  the  circulation  may  be  spoken 
of  as  local  and  general. 

Local  effects  consist  of  a  reduction  of  the  blood  pressure  in  the  artery 
beyond  the  point  of  the  arterio-venous  anastomosis,  a  reduction  which  is 
associated  ^\^th  a  slow  rising  pulse  ;  and  of  an  increase  in  the  venous  pressure 
in  the  veins  tributary  to  the  affected  one.  These  effects  are  well  known  to 
occur  and  are  readily  explained  ;  the  last  named  is  commonly  accomjjanied 
by  prominence  and  often  tortuosity  of  the  corresponding  veins  and  with  the 
opening  up  of  venous  anastomoses,  by  suffusion  of  the  corresponding  skin 
area,  and  bj^  an  increase  in  the  girth  or  actual  oedema  of  the  corresponding 
hmb. 

The  more  interesting  effects  are  general  effects,  and  these  are  summed 
up  and  briefly'  discussed  in  the  following  paragraphs  : — 

General  arterial  pressure.  Taking  the  i:)ressures  in  one  or  both  brachial 
arteries  as  the  guide  to  general  arterial  pressure,  the  systohc  pressures  are 
normal  in  patients  at  complete  rest ;  the  diastoUc  pressures,  on  the  contrary, 
are  much  below  normal.  The  effect  of  the  aneurismal  communication  upon 
the  arterial  pressures  is  well  illustrated  by  those  cases  in  which  the  pressures 
are  taken  before  and  after  closing  the  artery  su^jplying  the  communication 
(Cases  1  and  2)  ;  the  systolic  pressure  rises  a  Uttle,  the  diastolic  pressure 
rises  considerably  and  reaches  a  normal  point,  on  closing  the  anastomosis. 
Readings  taken  under  atropine  are  the  most  comparable,  since  change  of 
rate  is  thereby  excluded.  The  sj^stoHc  pressures  in  our  cases  may  be  some- 
what below  those  usually  found  in  free  aortic  regurgitation,  and  this  difference 
may  be  due  to  the  irremediable  loss  of  blood  to  the  systemic  arterial  system 
when  this  leaks  into  a  vein  ;  whereas  in  reflux  into  the  ventricle,  some  or  all 
of  the  loss  may  be  repaired  at  the  next  systole  ;  the  diastolic  pressures, 
however,  are  precisely  those  found  in  cases  of  free  aortic  regurgitation,  and 
the  pulse  pressure  is  consequently  much  greater  than  normal,  an  observation 
which  will  acquire  significance  when  the  amount  of  leak  in  the  two  conditions 
comes  to  be  considered. 

Water-hammer  pulse.  That  the  water-hammer  pulse  is  a  usual  sign  in 
arterio-venous  aneurism  has  long  been  known  to  us.  Measurements  of 
optical  records  from  these  cases  show,  as  was  expected,  that  this  quahty  is 
associated  mth  rapidity  of  the  upstroke  in  its  initial  phases.  Numerous 
observations  of  this  kind  were  undertaken  by  Feil  and  Gilder*  in  this 
laboratory  a  few  years  ago  upon  cases  of  aortic  regurgitation.  Averages  of 
Feil  and  Gilder's  values  for  free  aortic  regurgitation  and  for  normal  subjects 
are  incorporated  in  the  accomijan>'ing  table  and  compared  with  those  now 
found  by  us  in  arterio-venous  aneurism.  In  all  respects  the  abnormahties 
of  the  upstroke  of  the  aortic  case  are  repeated.  The  upstroke,  despite  its 
greater  amphtude,  is  completed  a  little  more  quickly  than  normal  ;    the 
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half-way  point  is  reached  much  more  quickly  than  normal,  and  tliis 
abruptness  of  the  initial  phase  is  usually  exaggerated  by  holding  the  arm 
vertically.  The  brief  thrills  which  commonly  compUcate  the  upstroke  or 
summit  of  the  pulse  in  aortic  regurgitation  are  also  recorded  in  arterio- 
venous aneurism.  Associated  -with  the  rapid  and  large  upstroke  are  the 
same  subsidiary  phenomena  as  are  Avitnessed  in  aortic  reflux,  namely, 
exaggerated  visibility  of  the  arterial  pulsation  in  neck  and  arms,  palpability 
of  the  digital  pulse,  audibiUty  of  the  pul.«e  in  the  palm  of  the  hand,  and  the 
so-called  pistol  shot  sound  over  the  large  arteries. 

Pulse  form. 


Begirmiiig  of 
upstroke  to 
J-way  point. 


Begiiuiiug  of 
upstroke  to 


Horizontal. 
Vertical. 


0033 


0  105 


Horizontal. 
Vertical. 


0028 


Horizontal. 
A'^ertical. 


Horizontal. 
Vertical. 


0026 


Averages 


80 


Horizontal. 
Vertical. 


Horizontal. 
V^ertical. 


Averages  of  Feil  and 
Gilder's  aortic  cur\-es. 
(Class  i  and  ii) 


Averages  of  Feil  and 
Gilder's  normal  c\irves 


Horizontal. 
Vertical. 


Horizontal. 
Vertical. 


That  these  abnormalities  of  the  pulse  and  their  associated  phenomena 
are  dependent  upon  the  leak  in  the  arterio-venous  aneurism  cases  is  showTi 
by  their  disappearing  when  the  arterj'  leading  to  the  sac  is  closed,  whether 
there  is  an  accompanying  change  of  heart  rate  {Cases  1  and  2)  or  not  {Case  1 
under  atropine).  Like  the  large  pulse  pressure,  the  water-hammer  pulse 
is  shown  by  these  observations  to  be  directly  dependent  upon  the  leak 
from  the  arterial  system.*     The  water-hammer  pulse  is  in  fact  brought 


*  We  are  not  entirely  convinced  that  in  arterio-venous  aneurism  the  leak  is  wholly  responsible 
for  these  changes,  though  it  is  so  unquestionably  in  greatest  part.  The  pulse  remained  a  little 
abrupt  in  its  upstroke  in  Case  1  after  the  closiu'e  of  the  femoral  artery  concerned  ;  the  lowest 
normal  value  for  the  half-way  point  given  by  Feil  and  Gilder  is  0031  of  a  second  with  the  arm 
horizontal  and  0039  of  a  second  with  the  arm  vertical ;  tlieir  average  values  were  0039  and  0015 
of  a  second,  respectively.  The  values  reached  on  closing  the  leak  in  our  patient  were  somewhat 
lower  than  tliese  figures.  It  still  seems  possible,  though  perhaps  improbable,  that  the  water- 
hammer  pulse  is  in  small  part  due  to  change  in  the  nature  of  the  heart  beat  or  to  change  in  the 
condition  of  the  arterial  wall  or  peripheral  vessels,  consecutive  to  the  establishment  of  the  leak. 
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about  by  tiie  fall  of  diastolic  pressure,  and  this  in  turn  by  the  rapid  escape 
of  pidsc  cncrg}'  from  the  arteries  to  the  veins.  The  water-hammer  quality 
is  an  impression  conveyed  to  the  finger  by  rapidity  of  upstroke  in  its  initial 
phases.  The  rise  of  pressure  becomes  slower  in  the  last  phases  of  the 
upstroke,  the  actual  summit  being  reached  at  an  almost  normal  interval. 
The  rapid  ascent  occurs  over  that  phase  of  the  heart's  sj-stole  during  wliich 
the  aortic  pressure  is  abnormally  low  ;  the  ventricle  has  at  this  phase  to 
meet  little  resistance,  the  blood  passes  out  with  abnormal  rapiditj^  and  the 
aortic  pressure  rises  ^vith  abnormal  speed.  To  this  same  imresisted  and 
sudden  movement  we  ascribe  the  reduction  of  the  presphj-gmic  interval 
observed  in  Case  1. 

These  observations  on  the  increased  pulse  pressure  and  the  rapidity 
of  upstroke  in  cases  of  arterio-venous  aneiuism,  and  their  prompt  dis- 
appearance in  large  part  or  in  whole,  immediately  the  aneiuism  is  cut  out 
from  the  circulation,  appear  to  us  finally  to  dispose  of  the  view  that  the 
phenomena  in  qiiestion  are  materially  dependent  upon  any  consecutive  or 
compensatory  changes  in  the  peripheral  vessels,  such  as  has  been  held 
responsible  in  the  case  of  aortic  regurgitation.  It  is  scarcely  to  be  doubted 
that  we  are  dealing  with  manifestations  having  precise^  the  same  underlying 
cause  in  the  two  conditions  ;  a  conclusion  wliich  appHes  to  the  one  will 
equally  apply  to  the  other. 

Collapsing  quality.  The  summit  of  the  pulse  in  arterio-venous  aneurism 
is  iU-sustained,  the  curve  falhng  quickly  to  the  dicrotic  notch.  This  fall  is 
the  steepest  in  the  curve.  Since  the  leak  occurs  mainly  in  the  sj'stohc  phase, 
this  quick  initial  fall  of  the  pulse  curve  is  not  surprising.  Yet  it  cannot  be 
ascribed  to  this  cause  without  further  comment.  In  Fell  and  Gilder's  optical 
curves®  from  cases  of  aortic  regurgitation,  the  steepness  of  the  systolic  fall 
was  also  noticed  ;  and  thus  a  resemblance  is  again  found  between  the 
arterial  phenomena  of  the  tw'o  conditions.  That  there  should  be  this  resem- 
blance is  somewhat  remarkable  since  in  aortic  regurgitation  the  leak  is 
confined  to  diastole.  If  the  term  collapsing  quahty  is  used  to  intimate 
that  the  pulse  falls  away  quickh^  from  the  i)alpating  finger,  then  it  is  probable 
that  in  both  conditions  the  steejj  initial  fall  is  responsible  for  the  sensation.* 
If  the  pulse  is  called  collapsing  because  its  steepness,  as  compared  to  the 
normal,  is  more  exaggerated  at  one  particular  phase  of  the  pulse  beat  than 
at  another,  then  it  is  true,  as  Wiggers^"  has  shown,  that  the  quahty 
"  collapse  "  is  inherent  in  that  part  of  the  pulse  beat  which  follows  the 
tlicrotic  notch ;  for,  compared  to  the  normal,  this  phase  of  the  pulse  shows 
more  change  when  aortic  regurgitation  is  made  than  does  the  sj'stoHc  fall. 
But  that  is  not  equivalent  to  the  statement  that  when  aortic  regiu-gi- 
tation  is  made,  the  diastolic  fall  is  then  the  steepest  descent  in  the  corres- 

*  We  may  here  point  out  thut  the  term  '"  collapsing  pulse  "  is  frequently  used,  but 
erroneously,  as  a  sjtionjTn  for  ■"  water-hammer  "  pulse.  A  water-hammer  pulse  is  one  which 
ascends  quickly,  a  collapsing  pulse  is  one  wliicli  descends  quickly  ;  rapid  descent  is  clinically  much 
more  dillicult  to  recognise  than  rapid  ascent. 
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ponding  pulse  ;  Wiggers'  curves  show  this  not  to  be  the  case.  Our  point  is 
that,  just  as  the  normal  pulse  shows  its  steepest  decHne  before  the  dicrotic 
notch,  so  do  both  the  pulses  of  aortic  disease  and  of  arterio-venous 
aneurism  ;  that  in  both  these  states  this  initial  fall  is  more  abrupt  than 
normal,  and  that  in  both  it  is  probably  responsible  for  the  sensation  of 
collapse  conveyed  to  a  palpating  finger.  Tliis  statement  is  not  inconsistent 
with  Wiggers'  observation,  that  aortic  regurgitation  chiefly  increases  the 
steepness  of  the  diastolic  Une.  A  common  factor  for  the  initial  rapid  fall  of 
pressure  may  be  found  possibly  in  the  character  of  the  heart  beat,  when, 
as  in  both  conditions,  the  ventricle  has  to  meet  initially  low  aortic  pressures, 
or  it  may  be  found  in  the  swing  of  the  arterial  walls.  It  is  not  due  in  arterio- 
venous aneurism  in  any  degree  to  rapid  output  from  the  peripheral  vessels 
consequent  upon  their  dilatation,  such  as  Stewart^^  assumes  for  aortic 
regurgitation  ;  if  that  were  the  case,  it  would  be  maintained  for  some 
seconds  and  in  some  degree  when  the  leak  is  closed.  This  it  does  not  do  ;  the 
change  to  the  normal  sustained  form  occurs  at  once.  Thus,  so  far  as  arterio- 
venous aneurism  is  concerned,  it  is  shown  that  the  abnormal  channel  of 
flow,  and  not  a  widened  peripheral  channel,  is  responsible  for  the  collapsing 
quahty,  as  this  is  recognised  clinically.  In  arterio-venous  aneurism  the 
rapidity  of  the  initial  fall  may  be  ascribed  in  part  directly  to  the  loss  of 
blood  and  pulse  energy  through  the  hole  in  the  vein  ;  but  since  a  similar 
steep  fall  is  seen  in  aortic  regurgitation,  it  is  probably  also  due  in  part  to  a 
further  factor  common  to  the  two  conditions.  Tliis  common  factor  appears 
to  be  independent  of  consecutive  change  in  the  peripheral  vessels.  Stewart 
appears  to  have  been  influenced  largely  in  his  opposite  conclusion  by  the 
conviction  that  the  amount  of  blood  regurgitating  in  aortic  disease  is  trivial, 
a  view  with  which,  for  reasons  to  be  stated  later,  we  disagree. 

Hill  and  RowlancVs  differential  pressure  sign.  In  all  our  cases,  and  in 
greater  or  lesser  degree,  the  same  discrepancy  between  systolic  arm  and  leg 
pressiu-es  has  been  noted  as  was  discovered  by  HiU  and  Rowland^  in  aortic 
regurgitation.  Hill  beheves  that  this  difference  is  due  to  local  arterial 
conditions,  as  he  finds  it  may  be  aboUshed  by  warming  the  leg,  and 
concludes  that  the  high  pressure  results  from  increased  tone  in  the  leg 
artery.  This  view  implies  that  the  difference  in  pressure  is  independent 
of  the  form  and  amplitude  of  the  pulse  wave  as  it  enters  the  arteries.  Our 
observations  in  Cases  1  and  2  show  conclusively  that  this  is  so,  for  on  stopping 
the  leak.  Hill's  differential  pressure  sign  was  not  abolished ;  on  the  contrary 
it  was  often  exaggerated  ;*  the  water-hammer  pulse  and  exaggerated  pulse 

*  Some  isolated  readings  taken  of  the  blood  pressure  by  Pachon's  method  in  arm  and  leg  by 
Nauu  and  his  collaborators,''  before  and  after  compression  of  the  affected  femoral  artery  in  two 
eases  of  arterio-venous  aneurism,  seem  to  be  in  general  agreement  with  our  own,  though  the  rise 
of  systolic  pressure  appears  to  have  been  greater  in  their  cases.  These  observations,  however,  are 
difficult  to  use  in  definite  support  of  our  conclusion,  since  the  artery  from  which  particular 
pressures  were  taken  by  them  is  not  always  clearly  stated.  The  readings  of  their  first  case  seem 
also  to  indicate  that  a  differential  arm-leg  pressure  may  persist  for  at  least  a  day  after  the 
arterio-venous  aneurism  has  been  extirpated,  though  here  again  tlio  above-mentioned  difficulty 
is  again  experienced. 
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pressure,  on  the  otlier  hand,  were  abolished.  In  Case  1  also  there  were 
occasions  when  Hill's  sign  was  less  distinct  or  even  absent,  despite  the 
continued  presence  of  the  water-hammer  pulse  and  the  high-pulse  pressures. 
It  is  perfectly  clear,  therefore,  that  Hill's  sign  is  independent  both  of  high- 
pulse  pressure  and  water-hammer  character  of  the  pulse  in  cases  of  arterio- 
venous aneurism.  That  being  the  case,  and  the  resemblance  between  the 
arterial  changes  in  arterio-venous  aneurism  and  in  aortic  regurgitation  being 
so  close,  we  are  justified  in  drawing  the  same  conclusion  for  the  last  class  of 
patient  also.  Thus,  we  are  brought  to  conclusion  similar  to  that  arrived  at 
b}-  Hill,  namely,  that  his  differential  pressure  is  due  to  a  consecutive  or 
compensatory  change  in  the  circulation.  The  average  readings  of  the 
arterial  pressures  in  the  brachial  and  popliteal  arteries  of  the  five  cases  are 
tabulated  below. 


Average  arterkil  pressures. 


Case. 

Artery  affected. 

Right 
brachial. 

Left 
brachial. 

Right 
popliteal. 

Left 
popliteal. 

(syst.) 

(diast.) 

(syst.) 

(diast.) 

(syst.) 

(syst.) 

1 

Right  femoral 

149  . 

55 

147 

53 

129* 

1G3 

2 

Left  femoral            .^ 

— 

— 

114 

52 

140 

76* 

3 

Possibly  L.  carotid 

140 

59 

132 

58 

185 

177 

4 

Probably  aorta 

135 

37 

135 

41 

155 

— 

5 

Left  subclavian 

125 

51 

62* 

— 

138 

— 

*  Pressure  low,  dist^al  to  aneurism. 

Capillary  pulsation.  Tliis  phenomena  is  noted  in  many  conditions,  and, 
as  Quincke  first  pointed  out,  is  also  to  be  seen  in  normal  people  ;  but  we  deal 
for  the  moment  with  that  very  vivid  form  of  capillary  pulse  which  is  rarely 
witnessed  apart  from  aortic  disease  and  such  conditions  of  arterio-venous 
anastomosis  as  we  are  at  present  discussing.  We  do  not  purpose  in  the 
present  article  to  discuss  this  phenomenon  as  length,  since  it  is  under  further 
investigation  ;  but  our  observations  upon  Cases  1  and  2  seem  clearly  to 
establish  the  conclusion  that  capillary  pulsation  in  its  full  degree,  pulsation 
wiiich  may  be  spontaneous  in  the  skin  of  the  face,  does  not  necessarily 
depend  upon  an  exaggerated  pulse  pressure  nor  upon  a  particularly  steep 
rise  of  the  pulse's  upstroke,  nor  upon  a  collapsing  quality  of  the  pulse  ; 
for  in  two  cases  in  which  this  phenomenon  was  associated  with  large  pulse 
pressure  and  quick  upstroke,  etc.,  the  complete,  or  almost  complete,  abolition 
of  the  last  factors  did  not  abolish  and  did  not  diminish  the  visible  capillary 
flush.  The  vividness  of  the  change  from  red  to  w'laite  is,  of  course,  an 
imperfect  gauge  of  the  degree  in  wliich  the  capillary  pressure  changes  with 
each  heart  beat,  and,  that  being  the  case,  we  cannot  assert  that  this  pressure 
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change  remains  unaltered  when  the  leak  is  closed.  It  seems  very  probable 
that  in  the  last  circumstance  the  pressure  change  will  be  less,  since  the 
pulse  pressure  cUminishes  ;  for  the  capillary  pulse  is  but  a  reflection  of  the 
arterial  pulse.  But  although,  in  this  sense,  an  exaggerated  arterial  pulse 
pressure  and  quick  upstroke  might  be  regarded  as  favouring  a  rhythmic 
change  of  capillary  pressiu-e,  and  in  some  cases,  perhaps,  as  determining 
visible  jiulsation  in  the  skin,  yet  it  is  clear  that  it  is  a  non-essential  factor. 
This  at  present  unknown  factor  associates  itself  chiefly  with  the  character- 
istic changes  in  the  arterial  pulsation,  wliich  are  illustrated  by  cases  of 
arterio-venous  aneurism,  aortic  reflux  and  also  persistent  ductus  arteriosus  ; 
but  it  is  obviously  consecutive  to  these  changes  in  the  arterial  pulse,  persisting 
after  they  have  been  aboUshed.*  Thus,  the  physical  sign  capillary  pulsation 
falls  into  the  same  group  as  does  Hill's  sign  of  differential  arterial  pressures. 
This  conclusion  appears  to  us  to  be  appUcable  to  the  sign  as  it  appears  in  all 
three  of  the  above  named  conditions. 

General  venous  pressures.  The  general  venous  pressure  appears  to  have 
been  normal  in  all  our  cases  within  measurable  Umits,  an  observation  which 
harmonises  with  the  normal  size  of  the  hver  and  systemic  veins  in  these 
patients. "f"  The  following  table  sums  up  our  observations  upon  the  five  cases  of 
arterio-venous  aneurism  and  includes  control  observations  on  the  venous 
pressure  in  the  hand  of  .six  healthy  adult  males.  The  pressures  given  for 
patients  in  tliis  table  are  from  veins  not  directly  affected  by  the  aneurism. 
The  most  conclusive  ob.sei'vations,  to  show  that  the  leak  from  artery  to 
vein  has  no  appreciable  effect  on  general  venous  pressxu-e,  are  those  in  which 
the  arterio-venous  anastomo.sis  could  be  cut  off  at  will  (Cases  1  and  2)  and 
in  wliich  this  procedure  failed  to  alter  the  venous  pressure  in  measurable 
degree. 

Incidentally  we  may  say  that  in  a  number  of  experiments  upon  dogs 
we  have  produced  free  communication  between  the  main  arteries  and  veins 
of  the  lower  limbs  under  varying  conditions,  and  often  have   been   unable 


blood  through  the  arterial  sac  is  prevented,  the  mean  arterial  pressure  rises 
and  the  blood  wliich  would  have  passed  out  through  the  abnormal 
communication  is  now  forced  out  through  the  capillaries. 


*  After  making  free  arterio-venous  auastomose-s  artificially  in  the  dog,  we  fail  to  find 
visible  capillary  pulsation  in  the  lips  and  tongue.  Tlie  same  sign  might  be  sought  in  experimental 
aortic  regurgitation. 

+  And  these,  as  numerous  direct  tests  of  venous  pressure  in  patients,  sliowing  early  congestion 
of  the  venous  system,  tell  us,  are  sensitive  indi<atioiis. 
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Sternum 

Pressure 

Pressiu-e 

Controls. 

Age. 

Vein  of 

to  vein. 

in  cm.  H^O 

in  cm.  HjO 

in  era. 

(actual). 

(corrected).* 

1 

32 

heit  hand. 

11-5 

110 

—  05 

2 

27 

110 

10-5 

—  0-5 

3 

32 

135 

130 

—  05 

4 

41 

.>          .. 

110 

110 

—  00 

-, 

18 

»          .. 

11-25 

120 

+  1-75 

Ij 

30 

„ 

12-5 

llo 

—  10 

Case. 

1 

34 

Loft  hand. 

14-7 

141 

—  OGt 

2 

26 

Left  hand. 

110 

12-4 

+  l-4t 

Right  foot. 

11-0 

12-1 

+  n 

3 

27 

Both  liands. 

130 

13-6 

+  0-6t 

4 

24 

Both  hands. 

12-7 

12-5 

—  02 

Left  leg. 

12-7 

14-7 

+  2-0 

5 

26 

Left  leg. 

15-5 

12-4 

—  3-1 

*  Corrected  to  level  of  sternum.  Moritz  and  v.  Tabora,"  using  the  direct  method,  and 
correcting  their  pressures  to  a  level  5  cm.  below  the  sternum,  obtained  an  average  pressure  of 
5 -2  cm.  HjO,  in  a  large  series  of  cases. 

t  The  readings  from  an  arm  in  each  of  tliese  tlu-ee  cases  was  checked  by  Moritz's  method  ; 
the  last  readmgs  were  within  about  1  em.  of  those  taken  by  Hooker's  method  (above  or  below 
the  last)  in  each  instance. 

The  criticism  has  been  expressed  to  us  that  these  pressures  may  not 
represent  the  events  in  the  larger  veins,  since  they  have  been  taken  from  a 
vein  lying  at  a  distance  from  the  heart  ;  they  could  be  taken  from  no  other. 
We  do  not  beheve  that  such  readings,  taken  with  due  precautions,  introduce 
any  material  error  ;  a  priori,  it  is  impossible  that  any  sustained  rise  of  right 
auricular  pressure  can  occur  without  a  corresponcUng  increase  of  the  whole 
pressure  gradient  to  the  periphery ;  a  rise  of  central  pressure  would 
necessarily  at  once  tend  to  lessen  or  stop  the  flow  from  the  periphery,  the 
blood  would  accumulate  there  and  pressure  would  be  raised  until  the  original 
flow  re-estabhshed  itself.  A  sustained  central  rise  may  be  delayed  at  the 
periphery,  but  it  could  not  be  avoided,  providing  that  the  veins  from  centre 
to  periphery  remained  open  ;  and  tliis  is  guaranteed  by  the  position  in  which 
the  arm  is  placed  when  the  readings  are  taken.  We  have  found  that  those 
who  have  raised  tliis  criticism  have  been  unaware  that  a  water  manometer 
attached  to  the  human  basilic  vein  clearly  shows  such  transient  rises  and 
faUs  of  venous  pressure  as  are  produced  centrally  by  naturaL  beating ;'  and 
that  even  shght  pressure  upon  the  abdomen  is  re.sponded  to,^ifter~a  httle 
delay,  bj^  an  appreciable  pressure  rise  in  the  meniscus  of  the  manometer. 
The  criticism  is  based  on  the  belief,  which  we  at  first  held  ourselves,  that  an 
appreciable  leak  from  artery  direct  to  vein  must  necessarily  raise  central 
venous  pressiu-e.  Observations  upon  animals,  wliich  are  to  be  recorded  later, 
have  shown  conclusively  that  tliis  is  not  the  case. 

It  is  to  be  understood,  however,  that  our  conclusion  that  general  venous 
pressure  is  not  raised,  is  confined  to  the  cases  which  we  have  studied  and  to 
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cases  of  a  like  order  ;  we  are  not  prepared  to  say  that  in  arterio-venons 
aneurisms  the  leak  from  vein  to  artery  never  raises  venous  pressure,  but 
rather  to  insist  that  it  is  not  of  necessity  increased. 

Heart  rate.  In  Makin's  collected  cases^^  of  arterio-venous  aneurism  the 
pulse  rate  is  usually  given  at  90  to  100,  but  as  most  of  these  cases  are  described 
soon  after  the  wounding,  these  rates  can  hardly  be  regarded  as  representative. 
In  our  own  chronic  cases  the  pulse  rates  with  the  patient  at  rest  have 
averaged  84,  67,  72,  76  and  86  in  the  five  cases.  These  rates  are  somewhat 
higher  than  those  usually  found  in  young  subjects  at  rest,  but  not  remark- 
ably so.  Closure  of  the  artery  leading  to  the  arterio-venous  anastomosis 
wliich  could  be  performed  in  two  cases,  lead  to  promjjt  and  consj^icuous  falls 
of  rate,  average  rates  of  53  and  47  beats  per  minute  being  attained.  These 
rates  are  below  those  usually  prevailing.  We  find  also  that  the  production 
of  arterio-venous  aneurism  in  dogs,  in  which  vagal  tone  is  intact,  raises  the 
heart  rate  and  that  subsequent  closure  of  the  leak  retards  t^je  heart  rate. 
Since  these  observations  were  made  we  find  that  the  similar  effects  have 
been  observed  cHnically  by  Dobrowolskaia*,  and  by  Nanu^'  and  his 
collaborators.*  While  it  seems  it  may  be  concluded  that  the  leak  from 
artery  to  vein  tends  to  produce  an  enhanced  rate,  it  is  also  probable  that  a 
compensatory  mechanism  eventually  comes  into  play  in  patients,  whereby 
this  increased  rate  is  checked.  In  support  of  this  conclusion  are  the  rates 
observed  by  Cazamian'  ;  in  liis  case  the  rate  before  extirpation  of  an  arterio- 
venous aneurism  was  102  ;  for  three  days  after  operation  the  rate  was 
about  60,  rising  on  the  fourth  day  to  about  80  beats  j>eT  minute,  a  rate 
subsequently  maintained. 

Deahng  with  the  phenomenon  observed,  namely,  conspicuous  fall  of 
rate  on  closing  the  anastomosis,  this  faU  of  rate  is  vagal  in  origin,  for  it  is 
abolished  by  atropinisation.  We  are  justified  in  concluding  that  it  is  wholly 
vagal,  for  at  the  height  of  the  atropine  reaction,  in  the  case  tested  (Case  1), 
the  pulse  rate  was  altered  by  but  2  beats  per  minute  on  closing  the  anasto- 
mosis ;  this  sUght  difference  is  sufficiently  to  be  explained  by  incomplete 
paralysis  of  the  vagus  by  the  drug.  Nanu  has  recently  made  a  similar 
observation.  The  rise  of  rate  in  opening  the  anastomosis  is  to  be  ascribed 
to  a  fall  of  vagal  tone.  Bainbridgei  has  apparently  shown  that  an  increased 
filfing  of  the  veins  accelerates  the  heart  action,  and  he  found  that  this  response 
is  mainly  a  vagal  reflex.  But  compression  of  the  artery  leading  to  the 
aneurism  was  ascertained  in  two  of  our  patients  to  produce  no  fall  of  venous 
pressure,  and  decompression  was  ascertained  to  produce  no  rise  of  venous 
pressure.  The  changes  of  heart  rate  on  compressing  and  decompressing  the 
artery  cannot  be  ascribed  therefore  to  altered  venous  filhng  but  must  be 

*  Tlie  first  accounts  of  retardation  of  the  heart  beat  on  closing  the  artery  leading  to  an 
arterio-venous  aneurism  appears  to  he  that  of  Branham  {Internal.  J.  Surg.,  N.Y.  1S90,  Hi,  250) ; 
an  earlier  account  speaks  of  syncope  occiuring  in  similar  circumstances  (Huguier,  Bull,  Soc.  de 
cliir.  de  Par.  1852,  ii,  106). 
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attributed  purely  to  altered  arterial  pressure.  With  the  last  they  are  very 
closely  associated.  When  the  leak  is  closed,  the  lowest  pulse  rate  is  reached 
within  a  few  heart  cycles  of  the  act  of  compression.  It  is  at  tliis  phase  that 
the  systolic  arterial  pressures  rise  to  their  highest.  The  lowest  heart  rate 
reached  is  not  long  maintained,  neither  is  the  liighest  arterial  pressure  ; 
both  are  fleeting.  The  pressure  wliich  changes  most  is  the  diastohc  ;  this 
rises  on  closing  the  leak  ;  but  as  this  systohc  pressure  also  rises  a  Uttle  or 
remains  unchanged,  the  arterial  pressure  change  may  be  viewed  as  a  rise 
of  mean  pressure.  That  a  rise  of  mean  arterial  pressure  retards  the  heart 
beat  was  first  shown  by  ilarey^- ;  the  effect  is  generally  acknowledged  and 
is  ascribed  to  the  vagus.  The  extent  to  which  the  reaction  is  a  direct  effect 
on  the  vagal  centre  or  a  reflex  has  been  much  cUscussed  (see  Tigerstedt's 
summary)!®. 

To  sum  up,  in  arterio-venous  aneurism  the  pulse  rate  is  higher  than 
normal,  and  this  rapid  heart  action  is  due  to  changed  vagal  tone,  controlled 
through  the  medium  of  mean  arterial  i^ressure.  These  observations  provide 
us  with  a  simple  exj^jlanation  of  the  increased  heart  rate,  which  is  generally 
recognised  to  occur  in  aortic  regurgitation  ;  for  the  same  factor,  low  mean 
arterial  pressure  comes  into  play  in  these  cases  also.  When  an  arterio- 
venous aneiu-ism  has  become  estabhshed,  the  initial  rapidity  of  the  heart's 
action  appears  to  be  in  a  measure  checked,  for  the  rates  obtained  on  closing 
the  leak  are  lower  than  normal ;  probably  the  same  is  true  in  aortic  disease. 

Output  of  heart,  blood  flow  to  tissues  and  the  amount  of  the  leak.  Attempts 
were  made  to  measure  the  output  of  the  heart  in  Case  1,  but  these,  for  reasons 
we  do  not  propose  to  discuss,  were  unsuccessful.  Reasons  have  already  been 
given  for  the  conclusion  that  the  heart's  output  in  this  case  remained 
unchanged  on  closing  the  artery  leading  to  the  aneurism  ;  for  tliis  procedure 
left  the  venous  pressure  substantially  unchanged,  and  the  input  to  the  heart 
controls  the  output.  Further  evidence  for  the  same  conclusion  has  been 
given  in  the  section  which  deals  with  the  blood-flow  to  the  limbs  in  the 
report  of  Case  1.  In  experiments  on  dogs,  subsequent^  to  be  reported,  it 
has  been  found  that  anastomoses  of  arteries  with  veins  do  not  necessarily 
increase  the  cardiac  output ;  that  is  always  so,  if  the  anastomosis  leads  to  no 
rise  of  venous  pressure. 

Once  this  conclusion,  that  cardiac  output  remains  unchanged,  is  accepted, 
a  further  conclusion  follows  from  our  observations.  It  has  been  seen  that  the 
blood- flow  to  the  tissue  of  the  unaffected  hmbs  may  be  consijicuously  altered 
when  the  way  through  the  aneurism  is  open  and  closed  ;  in  our  first  case 
the  flow  to  the  Hmbs  was  approximately  doubled  when  the  right  femoral 
artery  was  closed.  It  follows  that,  if  our  premises  are  true,  the  arterio-venous 
aneurism  in  tliis  case  carried  half  the  arterial  stream  of  the  body.  If  the 
output  of  a  dog's  heart  is  measured  cardiometrically  and  this  output  is 
compared  with  the  output  of  blood  from  the  cut  external  ihac  artery,  the 
last  is  found  to  be  a  substantial  fraction  of  the  first,  wliich  in  the  special 
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circumstances  of  low  arterial  pressures  may  amount  to  more  than  half  the 
output  of  the  left  ventricle.*  That  is  so,  because,  owing  to  the  negUgible 
periijheral  resistance,  the  velocity  of  flow  in  the  cut  artery  is  greatly 
increased.  Very  similar  conditions  must  rule  in  any  cases  of  arterio-venous 
aneurism,  in  which  a  considerable  communication  usually  exists  between 
artery  and  vein.  It  is  certain  that  our  first  case  belongs  to  this  category,  and 
we  have  arrived  at  the  conclusion  that  approximately  half  the  arterial  blood 
leaked  directly  into  the  vein  involved.  It  is  inevitable,  in  many  cases  of  this 
type,  that  a  very  large  fraction  of  the  left  ventricular  output  should  be  lost 
in  tliis  fasliion.  To  what  physical  changes  do  such  leaks  directly  give  rise 
in  the  general  arterial  system  ?  They  give  rise  to  precisely  those  changes 
which  are  well  known  to  occur  in  free  regurgitation  through  the  aortic  valves, 
namely,  to  well  develojjed  water-hammer  pulse  and  to  a  pulse  pressure  which 
may  be  exaggerated,  as  in  our  first  patient,  to  100  mm.  Hg..  These  obser- 
vations seem  to  us  finally  to  lay  at  rest  the  controversy  as  to  the  amount  of 
blood  regurgitating  in  chnical  aortic  disease.  Given  that  in  a  case  of  aortic 
regui-gitation  the  arterial  phenomena  are  as  fuHy  developed  as  they  are  in 
cases  of  free  arterio-venous  anastomosis,  and  frequently  this  is  the  case,  we 
cannot  avoid  concluding  that  the  amount  of  blood  regurgitating  is  a  very 
considerable  fraction  of  the  output  per  beat.  It  is  true  that  in  our  second 
case  the  increased  flow  of  blood  to  the  limbs  on  closing  the  anastomosis  was 
much  less  ;  but  tliis  case  did  not  present  the  full  arterial  signs  seen  in  free 
aortic  regurgitation.  Wliile,  from  our  data,  we  cannot  express  the  amount  of 
the  leak  in  actual  figures,  the  expression  in  terms  of  a  fraction  of  the  cardiac 
output  is,  perhaps,  of  equal  value.  We  do  not  think  we  are  rash  in  concluding 
that  in  arterio-venous  aneurism  cases  and  cases  of  aortic  reflux,  treated  as 
a  whole,  and  presenting  fufly  developed  arterial  signs,  the  amount  of  blood 
lost  at  each  systole  may  approach  clo.sely  to  if  it  does  not  equal  50  per  cent, 
of  the  left  ventricle's  discharge.  We  are  unable  to  accept  the  evidence  which 
Stewart'^  puts  forward  for  his  conclusion  that  the  amount  of  reflux  in 
aortic  disease  is  trivial.  He  attempts  to  measure  the  amount  of  blood 
regurgitating  by  measuring  the  diastoUc  filling  of  the  heart  cardiometrically, 
with  the  aortic  valves  intact  or  torn.  The  curves  which  he  pubhshes  do  not 
seem  fully  to  substantiate  his  premise  that  the  diastolic  filUng  remains 
almost  unchanged  ;  but  even  if  we  accept  this  statement,  his  conclusion 
remains  unjustified.  It  rehes  upon  the  assumption  that  when  the  aortic 
valves  are  broken,  the  backward  transference  of  blood  from  aorta  to  left 
ventricle  is  the  sole  added  factor  influencing  the  diastolic  volumes  of  the 
heart ;  but  this  is  not  the  case.  While  blood  regurgitating  from  the  aorta 
tends  to  produce  larger  diastolic  volumes,  it  raises  the  intraventricular 
tension  in  diastole,  as  Wiggers  has  shown, 2°  and  this  rise  of  tension  must 
impede  the  filhng  of  the  ventricle  through  the  mitral  orifice"|".     Another 

*  Recent  and  personal  obsorvatioiis. 

t  .Stewart  states  that  tliore  was  no  diniinution  in  the  amount  of  blood  delivered  by  the 
fturiele  in  liis  experiment,  but  the  ordy  evidence  adduced  for  this  statement  is  tliat  tliere  was  no 
increase  in  the  size  of  the  auricle,  the  size  of  the  auricle  being  judged  presumably  by  inspection  only. 
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effect,  acting  in  the  same  direction,  and  very  iirobably  one  of  nmcli 
importance  to  the  measurement,  is  change  in  the  size  of  the  coronary 
vessels.  When  the  aortic  valves  are  broken,  mean  arterial  pressure  falls 
and  the  capacious  coronary  arteries  shrink  in  size.  Thus  an  increase  in 
diastolic  volume  produced  by  regurgitating  blood  -svill  be  counteracted  in 
part  or  in  whole,  by  opposing  factors  coming  into  play  at  the  same  time. 
We  do  not  beheve  that  the  amount  of  blood  regurgitating  can  be  estimated 
with  sufficient  accuracy  by  means  of  volume  cm-ves  of  the  ventricles. 

Wiggers-^  in  his  recent  pubUcation  (page  554)  states,  "  that  all  experi- 
mental evidence  contracUcts  the  view  so  prevalently  held  by  cUnicians  that 
a  large  proportion  of  the  systolic  discharge  flows  back  in  each  diastole." 
This  conclusion  is  also  based  essentially  on  volume  curves  of  the  ventricle, 
wliich,  so  we  beheve,  provide  the  only  experimental  evidence  in  apparent 
conflict  with  the  clinical  conclusion  criticised.  That  the  conflict  is  more 
apparent  than  real  seems  probable  to  us  for  reasons  already  stated  ;  the 
difficulty  Ues  in  part  at  least  in  the  interpretation  of  the  volume  curve. 
It  is  often  overlooked  in  these  chscussions  that  in  aortic  disease  in  man  not 
only  the  valves  are  the  seat  of  disease  but  the  aorta  is  itself  unhealthy  and  its 
rings  conspicuously  dilated  ;  the  weakness  of  the  valve  hes  not  only  in  its 
cusps,  but  in  the  diseased  wall  wliich  supports  them.  After  fully  considering 
the  opposite  view,  we  have  no  hesitation  in  adhering  to  the  conclusion  that 
in  many  cases  of  aortic  regurgitation  the  amount  of  backward  leak  is  very 
substantial. 

Enlargement  of  the  heart.  In  1917,  Makins,  in  his  description  of  a  unique 
collection  of  cases  of  arterial  and  arterio-venous  aneurism  consequent  on 
wounds,  drew  special  attention  to  the  size  of  the  heart.  In  Ins  tables  the 
apex  beat  is  stated  to  be  in  the  5th  rib  space  in  the  nipple  Une,  shghtly  or 
decidedly  beyond  it,  in  all  but  three  out  of  seventeen  cases  of  the  last  group. 
Regarded  individuaUy  many  of  these  cases  fail  to  show  convincing  evidence 
of  cardiac  enlargement,  regarded  collectively  Makins  has  produced  sufficient 
evidence  to  estabUsh  his  conclusion.  In  a  case  previously  reported  by 
Osler^®,  enlargement  of  the  heart  and  progressive  cardiac  failure  followed  an 
arterio-venous  anastomosis  after  13  years.  His  case  could  not  be  regarded  as 
by  itself  conclusive,  seeing  that  the  cardiac  complications  may  have  been 
due  to  other  causes.  Our  own  evidence  accords  with  that  of  Makin's,  for,  in  all 
our  cases,  the  orthodiagraphic  measurements  show  the  diameters  of  the 
heart  to  have  been  on  the  upper  Hmits  of  normality  or  beyond  these. 


Orthodiagraph  ineasuremenls  in  cm.  (erect  posture). 

Weight  in 
lbs. 

.Mid-line  to 
rt.  margin. 

Mid-line  to 
If.  margin. 

Transv. 
diam. 

Long, 
diam. 

Normal  v 

alues  (Claytor  an 

d  Merril). 

Case. 

Mid-line  to 
rt.  margin. 

Transv. 
diam. 

Long, 
diam. 

1 
2 
3 
4 
5 

112 
114 
154 
147 
134 

4-5 
3-5 
4-5 
6-3 
40 

90 
10-2 
90 
8-5 
9-2 

13-5 
13-7 
13-5 
14-8 
13-2 

140 
132 
150 
16-2 
14-2 

3-2-4-3 
3-2- 4-3 
3-2-4-5 
3-4- 4-6 
3-2-40 

10-7-11-3 
10-7- 11-3 
11-5-130 
110-131 
11-5-130 

11-8-13  5 
11-8- 13-5 
12-5- 150 
120-14-5 
12-5-  15-0 
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Any  doubt  which  might  exist  as  to  the  relation  between  arterio-venous 
aneurism  and  enhirgement  of  the  heart  has  been  set  at  rest  completely  by 
the  observations  of  French  surgeons.  C'azamian^  noticed  that  an  enlarged 
heart  diminished  in  size  in  a  case  of  arterio-venous  aneurism  when  the 
anastomosis  was  closed  by  operation.  A  still  more  striking  case  has  been 
reported  by  Leriche'".  He  extirpated  an  arterio-venous  aneurism  in  a  2)aticnt 
in  whom  there  was  considerable  cardiac  enlargement  and  general  signs  of 
cardiac  failure,  and  his  operation  was  followed  by  a  return  of  the  heart  to 
normal  .size  and  by  disappearance  of  the  signs  of  failure.  Observations  by 
Gregoire  and  Lian  (cited  by  Nanu)  and  by  Nanu  and  his  co-workers^^  are 
fully  confirmatory  of  the  remarkable  changes  in  the  heart's  size  which  follow 
removal  of  the  aneurism.  Lastly,  Reid^'  has  noticed  enlargement  of  the 
heart  to  follow  experimentally  produced  anastomoses. 

The  cause  of  the  enlargement  is  not  obvious.  At  first  we  were  inchned 
to  attribute  it  on  theoretical  grounds  to  raised  general  venous  pressure  ; 
but  our  direct  observations  have  shown  that  such  a  rise  of  general  venous 
pressure  did  not  exist  in  our  patients,  in  all  of  whom  enlargement  was  present. 
That  general  venous  pressure  may  be  raised  when  the  circulation  shows 
failure,  as  it  may  do  as  a  sequel  to  arterio-venous  aneurism,  is  allowed  ; 
such  failure  and  rise  of  venous  pressure,  however,  may  be  secondary  to 
cardiac  enlargement  and  not  responsible  for  it.  It  is,  however,  probable 
that  a  very  large  arterio-venous  anastomo.sis,  and  especially  one  which  lay 
on  the  main  vessels  of  the  trunk,  might  raise  general  venous  pressure  directly. 
That,  however,  is  beside  the  present  point.  We  present  a  series  of  cases  in 
wliich  there  is  enlargement  of  the  heart  and  in  wliich  venous  pressures  are 
normal.  It  is  clear,  therefore,  that  venous  pressure  is  not  responsible  for 
enlargement  in  these  cases  and  that  some  other  factor  must  be  in  play. 
This  second  factor  may  be  presumed  also  to  come  into  play  even  in  cases 
where  general  venous  pressure  is  raised.  Now  it  is  shown  by  our  X-ray 
observations  that  the  enlargement  of  the  heart  is  not  an  immediate 
effect  of  a  short-circuited  flow.  8uch  change  in  the  size  of  the  heart  as 
occurs  when  the  aneurismal  communication  is  opened  and  closed  is  small, 
and  is,  we  tliink,  attributable  to  altered  heart  rate,  the  systole  being  more 
complete  when  the  heart  rate  becomes  slower.  The  enlargement  in  these 
cases  is  a  consecutive  affair.  If  the  patients  are  at  rest,  the  mean  arterial 
pressure  is  below  normal*  ;  the  output  of  the  heart,  so  far  as  we  can  ascertain, 
is  not  above  normal.  In  so  far,  therefore,  as  the  work  of  the  heart,  in 
transferring  blood  from  venous  to  arterial  system,  is  concerned,  it  may  be 
said  that  the  evidence  speaks  for  a  reduction  in  the  amount  of  this  work. 
Enlargement  of  the  heart  cannot  therefore  be  assigned  to  this  cause  in  cases 
of  the  tyi^e  we  are  describing. 

It  is  due,  in  our  view,  to  a  factor  which  so  far  has  received  no  attention  ; 
namely,  to  diminished  blood  flow  through  the  nutrient  vessels  of  the  heart. 


*  We  base  this  statement  not  only  on  our  own  cases,  but  on  those  of  other  observers  (Makins, 
etc.) ;  the  only  exception  to  the  rule  of  which  we  are  aware  is  Nanu's  first  case. 
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If  we  take  the  supply  to  the  Umbs  as  our  index,  then  the  flow  through  the 
coronarj''  vessels  may  be  diminished  by  an  arterio-venous  aneurism  to  even 
one  half  its  normal  amount ;  moreover,  Markewalder  and  Starling'*  have 
brought  evidence  to  show  that  the  flow  in  the  coronary  vessels  is  pecuUarly 
dependent  upon  aortic  pressures  ;  that  being  the  case,  the  fall  of  mean 
arterial  pressure  is  of  even  greater  consequence  to  the  metabolism  of  the 
heart  than  it  is  to  the  metabolism  of  the  body  generally.  A  dilatation  of  the 
heart  consecutive  to  the  formation  of  a  free  arterio-venous  anastomosis 
appears  to  us  a  natural  consequence,  when  its  effects  are  viewed  from  this 
standpoint.  That  dilatation  is  the  main  element  in  the  enlargement  is 
clearly  evidenced  by  the  rapidity  with  which  the  size  decreases  when  its 
cause  is  removed  ;  thus  Nanu  and  his  collaborators  noticed  the  change 
to  occur  ^vitliin  a  few  weeks  of  operation  in  their  two  cases.  Leriche  speaks 
of  a  diminution  in  the  size  of  his  patient's  Uver  during  the  operation,  though 
he  attributes  this  change  to  a  reduction  in  the  general  venous  pressure.* 
To  what  extent  enlargemerit  of  the  heart  may  be  due  also  to  increase  in  the 
mass  of  the  muscle,  has  not  as  yet  been  determined  ;  if  it  occurs  it  may  be 
consecutive  to  dilatation. 

That  there  are  causes  of  cardiac  enlargement  other  than  increase  in  the 
amount  of  the  work  it  performs  is  weU  known,  but  they  have  been  in  the  past 
ill-defined.  Cardiac  enlargement,  conspicuous  as  it  may  be,  in  cases  of 
arterio-venous  aneurism  in  which  it  can  be  shown  that  the  work  of  the  heart 
is  not  increased,  seems  to  us  to  bring  the  factor  of  muscle  nutrition  into  the 
foreground  of  the  discussion.  Thus,  deficient  blood  supply  to  the  organ  is  a 
sufficient  explanation  of  cardiac  enlargemeni  in  the  severe  anaemias  ;  it  very 
possibh^  plays  a  prominent  part  in  the  enlargement  of  free  aortic  regurgitation; 
it  would  come  especially  under  suspicion  where,  for  any  reason,  the  output 
of  the  heart  is  seriously  diminished,  or  where  enlargement  of  the  heart  is 
associated  with  constrictive  lesions  of  the  coronary  vessels  ;  it  should  also 
be  suspected  as  a  contributing  or  determining  cause  in  instances  of  diminished 
arterial  pressure  associated  with  dilatation,  as,  for  example,  in  severe  acute 
fevers. 

Chief  concltjsion.s. 

1.  Arterio-venous  anastomoses  when  free  are  associated  with  the 
characteristic  signs  of  aortic  reflux  in  the  systemic  arterial  system,  namely, 
low  diastolic  pressure,  large  pulse  jiressure,  water-hammer  pulse,  collapsing 
pulse,  capillary  pulsation,  and  a  diff'erence  in  the  arm-leg  systohc  pressures,  etc. 

2.  The  first  four  of  these  signs  are  shown  to  be  dependent  upon  the 
leak  of  blood  from  the  arterial  system,  and  the  last  two  to  be  due  to  consecu- 
tive changes  in  the  circulation.  This  conclusion,  while  certainly  true  for 
arterio-venous  anastomoses,  seems  to  us  equally  applicable  to  aortic 
regurgitation. 

*  In  this  Lericlie  is  very  probably  correct,  in  part.      His  case  was  one  in  wliicli  signs  of 
failure  had  developed. 
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3.  A  conspicuous  fall  of  diastolic  pressure,  such  as  occurs  in  arterio- 
venous aneurism,  causes  a  shortening  of  the  presphygniic  interval  and  a 
slower  conduction  of  the  pulse  wave. 

4.  The  heart  rate  in  arterio-venous  aneurismal  cases  is  raised.  This 
rise,  though  in  part  compensated,  is  due  to  loss  of  vagal  tone,  consequent 
upon  the  fall  of  mean  arterial  pressure.  A  similar  conclusion  probably 
appHcs  to  the  accelerated  heart  rate  in  many  cases  of  aortic  reguigitation. 

5.  The  escape  of  blood  from  arteries  to  veins  in  arterio-venous  aneurism 
cases,  even  when  free,  does  not  necessarily,  or  even  customarily,  raise 
general  venous  pressure.  That  is  so  because  overfilhng  is  compensated  by 
a  less  rapid  escape  of  blood  from  the  capillaries  of  the  body  generally,  the 
mean  arterial  pressure  being  much  reduced. 

6.  The  quantity  of  blood  leaking  from  a  large  hmb  artery  to  the 
corresponding  vein  in  arterio-venous  aneurism  cases  may  be  very  consider- 
able, amounting  to  a  fifth  or  even  a  half  the  quantity  thrown  out  by  the  left 
ventricle  at  each  beat.  The  amounts  of  blood  leaking  back  into  the  left 
ventricle  in  cases  of  free  aortic  regurgitation  are  comparable  to  those  leaking 
into  the  veins  in  these  arterio-venous  aneurism  cases. 

7.  The  output  of  the  heart  in  arterio-venous  anastomoses  does  not 
appear  to  be  usually  altered,  but  the  amount  of  blood  flowing  through  the 
whole  capillary  bed  may  be  seriously  diminished,  even  to  one  half  its  normal 
quantity. 

8.  An  escape  of  arterial  blood  directly  into  the  veins  decreases,  and 
sometimes  materially,  the  COj  context  of  the  alveolar  air  and  of  the  arterial 
blood  ;  but,  o\ving  to  the  lessened  supply  of  blood  to  the  respiratory  centre, 
does  not  necessarily  alter  in  material  degree  the  rate  or  depth  of  respiration. 

9.  The  heart  enlarges  in  cases  of  free  arterio-venous  anastomosis. 
This  enlargement,  presumably  primarily  and  chiefly  a  dilatation,  is  due,  so 
it  is  suggested,  to  a  deficient  nutrition  of  tlie  heart  muscle,  consequent  on 
the  fall  of  mean  arterial  pressure.  A  deficient  supply  of  oxygenated  blood 
to  the  coronary  vessels  is  probably  the  cause,  or  a  contributing  cause,  of 
cardiac  enlargement  in  a  variety  of  conditions,  for  example,  in  the  antemias, 
aortic  regurgitation,  constrictive  lesions  of  the  coronary  vessels,  and  any 
condition  in  which  the  output  of  the  heart  is  decreased  or  mean  arterial 
pressure  is  much  reduced. 

We  have  finally  to  express  our  thanks  to  Dr.  C.  H.  Kellaway  for  the 
aid  he  has  given  us  in  determining  certain  respiratory  changes  in  our  first 
case  ;  his  notes  are  included  in  our  article  with  liis  permission. 

Note. — Wliile  this  paper  hii«  been  in  the  press,  our  attention  has  been  called  to  Hohnan's 
report  of  an  arterio-vonous  aneiir.sni  of  the  pophteal  vessels  (  Archives  of  Surgery,  1923,  vii,  64S2). 
The  pulse  rate  and  blood  pressure  readings  in  iiis  case  were  similar  to  those  of  our  own  Case  1, 
and  these  presented  similar  changes  on  closing  the  anastomosis.  The  patient  was  operated  upon 
and,  within  13  days,  showed  a  dimiiuition  in  the  size  of  the  heart,  measured  telerbntgeno- 
graphically.    A  discussion  of  the  general  circulatory  changes  follows,  but,  as  the  final  conclusions 
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are  built  up  \ipon  tlie  assumption  that  in  artorio-venoiis  fistula  "  there  is  n  iniukoil  increase  of 
venous  pressure,"  we  are  unahlo  to  aeeopt  tliein  ;  and  this  the  more  as  it  seems  to  us  certain  that 
in  Hobnail's  ease,  in  which  the  "  liver  did  not  seem  enlarged,"  venons  pressm-e  was  either  normal 
or  at  the  most  but  slightly  raised  ;  the  former  being  the  more  probable.  In  our  experience  of 
venous  blood  pressure  wo  have  found  no  exception  to  tlio  rule  that  any  appreciable  rise  of  general 
venous  pressure  is  accompanied  by  easily  demonstrable  eiilargement  of  tlie  liver. 
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Figs.  14-i'l.  (  <  i)  Optical  records  of  radial  pulses.  Time  in  fifths  of  a  second.  Fig.  14  : 
Case  3  (March  the  otli)  ;  arm  vertical.  Figs.  l.">  and  16;  Case  4  (February  the  2nd)  ;  arm 
horizontal  and  vertical,  respectively.  Figs.  17  and  18;  Case  1  (February  the  21st);  arm 
liorizontal ;  aneurism  open  and  closed,  respectively.  Figs.  19  and  20 ;  Co.se  1  (March  the  Srd) ; 
patient  vmder  atropuie,  arm  horizontal,  aneurism  open  and  closed,  respectively.  Fig.  21  ; 
Case  1  (March  the  3rd) ;  patient  under  atropine  ;  arm  vertical ;  the  first  record  taken  with 
aneurism  open  and  the  second  with  the  aneurism  closed. 
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Figs.  22-25.  CcLse  1.  Optical  records  of  radial  pulse.  Figs.  22  ami  2:5  (Feliriuiry  tlic  1st),  showing 
the  effect  of  closing  and  opening  the  aneurism.  Figs.  24  antl  2.")  (March  the  6th)  ;  the  same 
under  atropine. 
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Fig.  26.  Case  3  (March  the  .')tli).  Simultaneous  optical  venous  curve  from  right  jugular  bulb 
and  sound  record  from  left  jugular  bulb,  showing  tlie  relation  of  tlie  uuM-inur  to  the  waves 
a,  c  and  v. 

Fig.  27.  Case.  1.  Simultaneoiis  optical  curve  from  left  femoral  artery  and  sound  record  over 
the  right  femoral  vessel,  to  show  the  relation  of  the  murnun-  to  the  p\-outs  in  the  artery. 
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Figs.  28  mid  29.      6'«»c  2  (Maivli  tl.o  2Ttl.).     I  iptic.U  nuliul  ■ 

close.l. 


*)  with  aneurism  opeii  and 


Fig.s.   ;«)  and   31.      C«.«    2  (March  the  27th).      Optiral  radial  curves  (>     "  approx.)  showing  the 
effect  of  closing  and  opening  the  left  femoral  artery. 


OBSERVATIONS    RELATING    TO    ARTERIO-VENOUS 
ANEURISM. 

PART    II.— THE  IMMEDIATE  EFFECTS  OF  AN  ARTERIO-VENOUS 
ANASTOMOSIS    ON    THE    DOG'S    CIRCULATION.* 

By  THOMAS  LEWIS  and  A.  N.  DRURY. 
{From  the  Cardiac  Dejiartiiient,   UnivertiHi/  College  Hospital  Medical  School.) 


Having  observed  a  iunnl)er  of  circulatory  changes  consequent  upon 
arterio-venous  anastomosis  in  man,  we  thought  it  desirable  to  obtain 
confirmatory  evidence  of  certain  of  these  in  animals,  hoping  thus  to  bring 
support  to  our  clinical  conclusions. 

Method.  The  observations  here  recorded  have  been  made  ujjon  14  dogs 
(for  the  most  jmrt  about  10  kilogrammes  in  weight,  but  sometimes  larger), 
fully  anaesthetised  with  morpliia,  paraldehyde  and  ether.  We  describe  the 
immediate  effect  of  arterio-venous  aneurism  ;  and  it  is  to  be  remarked  that 
these  are  not  necessarily  identical  with  the  effects  seen  in  our  chnical  cases, 
since  in  the  latter  the  anastomoses  are  of  long  standing  and  are  compUcated 
by  consecutive  changes.  It  is  also  to  be  noted  that  in  the  present  article 
we  are  deahng  with  animals  fully  under  the  influences  of  anaesthetics,  and 
that  the  anaesthesia  itself  alters  the  circulatory  conchtions.  In  one  respect 
the  effect  of  the  anaesthetics  employed  is  particularly  noticeable  ;  they 
aboUsh  entirely,  or  almost  so,  the  vagal  tone  and  natural  vagal  reflexes. 
Although  from  time  to  time  acceleration  of  the  heart's  action  has  been 
manifest  immediately  an  arterio-venous  anastomosis  is  opened  up  and 
arterial  pressures  fall,  and  a  slowing,  distinct  or  profoimd,  has  sometimes 
occurred  when  the  anastomosis  is  closed  and  arterial  pressiu'es  rise  (Fig.  1)  ; 
these  effects  have  been  confined  to  the  early  stages  of  the  experiments  in 
which  they  have  occurred,  and  almost  always  have  been  entirely  absent  at  a 
later  stage  ;  so  that  in  this  respect  the  heart  behaves  much  as  does  the 

*  Work  imdertaken  for  the  Medical  Research  Council. 
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atropinised  heart.  As  we  found  clinically,  so  we  find  experimentally,  that 
this  cardiac  acceleration  is  independent  of  the  events  on  the  venous  side, 
being  seen  from  time  to  time  in  the  absence  of  a  rise  of  venous  pressure. 
It  is  dependent  upon  an  arterial  event  and  is  vassal  in  origin. 


Fig.  1.  Dog  S.F.  Exteriuil  iliai-  anastomosis;  cliest  intact,  natural  respiration.  Carotid 
arterial  pressures  recorded  by  means  of  H\irtlile's  manometer.  The  pressure  calibration 
is  re<!orded  against  this  and  subsequent  arterial  cm-ves  in  mm.  Hg..  A  downstroke  of  the 
signal  in  tliis  and  all  subsequent  text  figures  marks  tlie  approximate  position  at  wliich  tlie 
anastomosis  was  opened  ;  an  u|)stroke  marks  the  closure.  Time  in  seconds  in  all  text 
figures. 


To  record  the  carotid  pressure  changes,  Hurthle's  manometer  has  been 
used  as  a  routine  ;  this  recorder  allows  the  systolic  and  diastolic  pressures 
and  their  changes  to  be  gauged  with  sufficient  accuracy.  For  the  form  of 
the  pulse  beat  and  its  changes,  Wiggers'  optical  recorder  has  been  attached 
to  the  same  artery.  To  record  venous  pressures,  a  ■\vide-mouthed  glass 
cannula  has  been  inserted  via  the  external  jugular  vein  into  the  right  inno- 
minate vein,  or  more  commonly  into  the  superior  cava.  It  is  connected  to  a 
citrate  manometer,  on  which  the  pressure  may  be  read  in  millimetres  of 
water,  or  to  a  wide-bore  manometer,  to  the  free  end  of  which  a  very  light 
bellows  recorder  is  attached  ;  with  the  last  arrangement  a  rise  of  1  cm.  of 
water  pressure  corresponds  to  approximately  1  cm.  excursion  of  the  lever. 
No  venous  pressure  readings  or  curves  have  been  accepted  in  which  the 
manometer  failed  to  oscillate  with  the  heart  beats,  or  in  which  the  mano- 
meter failed,  while  the  chest  remained  closed,  to  show  an  extensive  movement 
with  each  respiration,  natural  or  artificial.  It  has  also  been  our  habit  to 
test  the  sensitivity  of  this  manometer  by  pressing  lightly  on  the  abdomen  ; 
if  the  manometer  is  properly  connected,  very  light  pressure  on  the 
abdominal  contents  gives  an  almost  immediate  rise  of  venous  pressure. 
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To  estimate  the  influence  of  anastomoses  upon  the  flow  of  blood  in  the 
arteries,  Ludwig's  "  Stromuhr  "  has  been  used,  the  spare  carotid  artery  being 
chosen  for  this  purpose.  Such  observations  have  been  made  after  the 
injection  of  200  mgr.  of  Howell's  "  Heparin,"  a  dose  wliich  sufficiently 
inhibits  blood  coagidation  in  the  instrument  over  a  period  of  one  or  more 
short  scries  of  ol)servations.  By  a  short  series  of  observations  we  mean  the 
alternate  determination  of  flow  with  the  anastomosis  in  and  out  of  play, 
repeated  3  or  4  times  :  the  average  values  of  such  observations  have  been 
accepted  if  individual  readings  have  been  uniform  within  about  10  per  cent. 

To  estimate  changes  in  the  output  of  the  heart,  a  glass  cardiometer  has 
been  employed,  after  opening  the  chest  in  the  middle  line,  a  cuff  of  the 
ojiened  pericartUum  being  tied  over  the  mouth  of  the  container,  in  which  case 
the  volume  change  of  the  whole  heart  is  determined  ;  or  the  ventricles  being 
inserted  alone  through  a  central  hole  in  a  rubber  membrane,  tied  over  tliis 
mouth.  The  cardiometer  has  been  connected  by  wide  bore  tubing  to  a  large 
but  hght  bellows  recorder. 

To  estimate  volume  change  m  the  intedme  a  loop  of  the  gut  has  been 
drawn  into  a  suitable  closed  box,  the  latter  being  connected  to  the  sensitive 
bellows  recorder  used  for  venous  pressures. 

To  obtain  an  approximate  idea  of  the  amount  of  blood  flowing  through 
the  anastomosed  vessels,  the  anastomosed  artery  has  been  opened  fully  and 
the  blood  allowed  to  flow  for  15  or  20  beats  into  a  graduated  vessel.  The 
measure  thus  obtained  is  in  excess  of  the  arterio-venous  leak,  since 
the  blood  issues  against  atmospheric  pressure,  whereas,  in  the  case  of  the 
anastomosis  it  flows  against  the  pressure  in  the  distended  vein. 

For  the  anastomosis  itself  C'rile's  cannulte  (3  or  5  mm.  bore)  have 
been  used.  The  advantage  of  such  cannula?  is  that  wliile  free  flow  is  obtained, 
this  flow  is  through  a  tube  Uned  by  living  endothehum  throughout,  and 
clotting  does  not  occur  at  any  stage  of  the  observations.  In  three  animals 
the  peripheral  end  of  the  superficial  femoral  artery  and  the  central  end  of  its 
companion  vein  have  been  anastomosed  end  to  end,  after  dividing  the 
ves.sels.  Actually  it  was  found  that  the  leak  so  jiroduced  was  often  insufficient 
for  oiu"  purposes,  and  in  the  remaining  exjieriments  a  similar  end  to  end 
anastomosis  of  the  external  ihac  artery  and  vein  was  used.  The  degree 
of  leak  so  produced,  in  this  case  sometimes  in  excess  of  what  was  desired, 
could  be  regulated  by  jjartially  obstructing  the  vein. 

The  order  of  procedure  has  been  to  connect  up  the  arterial  and  venous 
pressure  recorders  and  to  prepare  the  anastomosis,  maintaining  it  closed.  A 
scries  of  arterial  and  venous  records  have  then  been  taken  and  the  effect  of 
opening  the  anastomosis  for  periods  of  about  15  to  20  seconds,  or  for  longer 
periods,  has  been  observed,  with  the  dog  breathing  naturallj'.  "  Stromuhr  " 
readings,  volume  curves  of  the  intestine,  optical  arterial  ciu-ves  have  been 
taken  almost  exclusively  at  this  stage.  Artificial  respiration  has  then  been 
emplo\-ed,  and  a  further  .series  of  curves  taken,  to  compare  with  those  under 
natural  breathing.     A  fall  of  the  arterial  curve  as  a  whole  and  a  rise  of  the 
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venous  curve  as  a  whole  is  the  result ;  otherwise  the  curves  have  usually 
shown  no  very  serious  modifications  (see  Table  I).  The  chest  has  then  been 
opened  (8  experiments)  and  the  cardiometer  arranged  to  add  its  record  of 
the  heart's  volume  change.  It  is  to  be  stated  that  the  method  of  recording 
outjjut  cardiometrically,  the  only  method  available  at  the  moment,  is  not 
beyond  criticism.  The  opening  of  the  chest,  the  employment  of  artificial 
respiration,  and  lastly,  but  not  least,  the  fitting  of  the  cardiometer  itself,  all 
produce  changes,  more  or  less  profound,  in  the  circulation.  The  results  so 
obtained  need  to  be  judged  very  broadly  therefore.  Volume  changes  wliich 
are  seen  can  hardly  be  regarded  as  constituting  proof  of  what  happens  in 
the  intact  subject,  but  rather  as  indications  which  are  to  be  closel}'  controlled 
by  such  measurements  of  arterial  and  venous  pressure,  etc.,  as  may  be 
obtained  without  gross  interference  with  the  thorax  and  its  contents.  Thus, 
in  their  application  to  the  clinical  case,  those  cardiac  volume  charges  are 
most  reliable  which  are  associated  with  substantially  the  same  changes  of 
arterial  and  venous  pressm'e  as  were  seen  to  occur  previously  wliile  the  chest 
of  the  animal  was  still  intact. 

Vetious  pressure  ami  cardiac  output. 

End  to  end  anastomosis  of  the  superficial  femoral  artery  and  vein,  while 
it  produces  the  characteristic  changes  of  arterial  pressures,  presently  to  be 
described  in  detail,  is  apparently  without  influence  upon  general  venous 
pressure.  When  the  external  iliac  vessels  are  used,  the  arterial  pressure 
changes  are  of  the  same  kind,  though  somewhat  more  profound,  and  the 
venous  pressure  may  or  may  not  change ;  thus,  in  one  such  animal  we  fomad 
the  venous  pressure  consistently  unaltered  throughout  the  experiment  ;  in 
two  animals  the  venous  pressure  rose  constantly  on  opening  the  anastomosis  ; 
wliile  in  the  remaining  five  experiments  there  was  sometimes  a  slight  rise  of 
venous  pressure,  and  sometimes  no  change.  Thus,  observation  shows  that 
the  venous  rise  is  as  often  absent  as  present ;  even  when  it  occurs  it  usually 
amounts  to  but  a  few  milhmetres  of  water  pressirre  ;  the  maximum  change 
seen  has  been  a  rise  of  9  mm.  of  water.  A  fall  of  pressure  has  not  been 
witnessed. 

The  degree  ot  the  rise  is  related  to  the  amount  of  the  leak  ;  if  at  the 
estabhshment  of  a  full  anastomosis  the  venous  pressure  rises  a  few  millimetres, 
the  venous  rise  can  be  abolished  or  reduced  by  narrowing  the  anastomosis, 
wliile  conspicuous  arterial  effects  are  still  obtained.  Thus  in  Fig.  2,  an 
external  iUac  anastomosis  was  opened  on  two  occasions,  as  shown  by  the 
signal.  On  the  second  occasion  a  very  appreciable  fall  of  both  systolic  and  . 
diastolic  pressure  occurred,  the  last  falUng  the  more  conspicuously  and  the 
pulse  pressure  increasing,  as  is  the  rule.  Meanwliile  the  venous  pressure 
increases  by  a  few  milhmetres  of  water.  On  the  first  occasion  the  same 
anastomosis  was  opened,  but  the  leak  had  been  reduced  by  clamping  the 
vein  half-way  across.     The  arterial  pressures  change  less,  the  rise  of  venous 
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TABLE  I. 

Examples  of  established  arterial  pressures.     ( Chest  intact.) 


Carotid  p 

ressurea . 

Venous  pressure 
in  mm.  water  on 
opening  A.V.A. 

Respiration. 

A.V.A. 

closed. 

A.V.A. 

open. 

Dog  R.  U. 

(syst.) 
115 

(diast.) 
75 

(syst.) 
110 

(diast.) 
60 

vmchanged 

natural 

Dog  R.V. 

140 
90 

G5 

45 

135 
90 

50 
30 

unchanged 
uncliange<l 

natural 
artificial 

Dog  R.X. 

160 
140 

72 
70 

158 
134 

58 
55 

imchanged 

natiu-al 
artificial 

Dug  R.Z. 

140 
130 
105 
100 

85 
SO 
(10 
60 

135 
125 
105 
100 

70 
65 
45 
45 

unclianged 
rise  of  3 
rise  of  3 
unchanged 

natural 
natural 
artificial 
artificial 

DogS.A. 

160 

78 

180 

44 

rise  of  2 

natural 

Dog  S.  B. 

180 
120 

110 
70 

170 
120 

90 
50 

rise  of  7 
rise  of  3 

natural 
artificial 

Dog  S.  D. 

142 
135 
135 
140 

60 
70 
05 

78 

1.50 
130 
130 
135 

45 
55 
50 
56 

rise  of  2 
imchanged 
rise  of  2 
rise  of  2 

natural 
natural 
artificial 
artificial 

Dog  S.  E. 

130 
135 
135 

78 
85 
88 

125 
140 
135 

58 
70 
55 

rise  of  2-5 
rise  of  4 
rise  of  5 

natural 
natural 
artificial 

Dog  S.  F. 

120 

70 

150 

35 

rise  of  5 

natural 

Dog  S.  G. 

160 
150 

80 
80 

160 
148 

68 
55 

unchanged 
rise  of  1 

natural 
natural 

Dog  S.  H. 

130 

90 

125 

60 

unclianged 

natural 

In  all  the  animals  exemplified  in  this  tat)le    the    anastomosis  was  Ijetween    the   external 
iliac  vessels. 

TABLE  II. 

Degree  of  leak-,  and  effect  on  venous  pressure  and  cardiac  output. 


Carotid  pressures. 

Venous  pressure 

in  mm.  H^O 
on  opening  A.  V.A. 

Cardiac  output 
in  cc.  p.  beat. 

A.V.A.  closed. 

A.V.A.  open. 

A.V.A. 

Dog  S.  D. 

(syst.) 
142 
135 
135 

(dia.st.) 
60 
60 
70 

(sy.st.) 
1.50 
135 
130 

(diast.) 
45 
50 
55 

rise  of  2 
rise  of  1 
vmchanged 

Closed, 
chest 

Open, 
intact             full  leak 
1     full  leak 
,,             !     reduced  leak 

Dog  S.  F. 

120 
120 

70 
70 

150 
130 

35 

50 

rise  of  5 
rise  of  2 

" 

fuU  leak 
reduced  leak 

Dug  S.  a. 

150 
IGO 
160 
65 

80 
90 
80 
45 

148 
160 
160 
60 

55 
70 
68 
35 

rise  of  1 
rise  of  IJ 
unchanged 
unchanged 

4-5 

4-8 

full  leak 
full  leak 
reduced  leak 
full  leak 

Dog  S.  H. 

115 
115 

60          105 
60     1     110 

40 
48 

rise  of  3 
rise  of  1-5 

8-4 
9-2 

100 
100 

full  leak 
reduced  leak 

In  all  these  experiments  the  anastomosis  was  between  external  iliac  artery  and  vein. 
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pressure  is  only  just  distinet.  In  the  clog  the  external  ihae  vessels,  when 
anastomosed,  yield  arterial  pressure  changes  which  are  closely  comparable 
to  those  clinical  cases  of  arterio-venous  aneurism  which  wc  have  described 
and  in  which  the  superficial  femoral  vessels  communicate  ;  and  the  amount 
of  leak  into  the  vein  ap})ears,  with  vessels  of  this  caUbre,  to  be  just  sufficient, 
or  just  insufficient,  to  produce  a  rise  of  general  venous  pressure.  Illustrations 
of  records  showing  constant  and  raised  venous  pressure,  respectively,  are 
given  in  Figs.  3  and  4. 

Comparing  the  change  in  venous  pressure  with  the  change  in  cardiac 
output  on  opening  the  anastomosis,  the  usual  relationshiiJ  of  these  two 
phenomena  is  found  ;  a  rise  of  venous  pressure  increases  the  in^jut  into  and 
the  output  from  the  heart  ;  and  the  more  the  venous  pressui-e  is  raised  the 
more  the  output  is  increased.  Thus  in  Fig.  2,  with  the  full  leak  and  slight 
rise  of  venous  pressure,  the  volume  curve  of  the  ventricles  shows  a  shght  but 
very  definite  increase  of  outjjut  ;  with  the  reduced  leak  both  the  venous  rise 
and  the  increased  cardiac  output  are  only  just  appreciable.  Further 
illustrations  of  the  relation  between  venous  pressure  and  output  will  be 
found  in  Figs.  5  and  7.  In  the  first  of  these  venous  pressure  and  output  are 
unaltered ;  in  the  second  both  are  increased  (see  also  Table  III).  A 
similar  relation  between  fall  of  venous  pressure  and  fall  of  cardiac  output  is 
estabUshed  when  the  anastomosis  is  closed  ;  in  this  instance,  however, 
another  factor,  jiresently  to  be  described,  often  disturbs  the  relationship. 

Comment.  In  our  patients  we  were  unable  to  find  evidence  of  a  rise 
of  general  venous  pressiu-e  ;  in  the  two  patients  in  whom  the  anastomosis 
could  be  closed,  the  evidence  appeared  to  us  particularly  convincing.  The 
venous  measurements  were  taken,  however,  from  a  vein  Ij'ing  at  some 
distance  from  the  heart  ;  and  a  cliief  object  of  the  present  investigation  was 
to  gain  knowledge  of  the  pressiu-e  changes  in  the  venous  system  at  a  point 
nearer  to  the  right  auricle.  Although  it  did  not  appear  to  us  pos.sible  that 
an}^  material  rij^e  of  right  auricular  pressure  could  occiu"  without  a 
corresponding  increase  of  the  whole  pressure  gradient  to  the  periphery, 
providing  that  the  veins  remain  unobstructed,  yet  it  was  felt  desirable  to  test 
fiu'ther  our  view  that  an  appreciable  leak  from  artery  direct  to  vein  could 
occur  \rithout  rai-sing  the  pressure  on  the  veins  generally.  Our  observations 
upon  dogs  show  that  tliis  is  the  case  for  anastomoses  of  the  order  considered. 
The  same  observations  indicate  clearly,  however,  that  such  a  rise  of  general 
venous  pressure  would  occur  more  frequently  or  with  regularity  in 
anastomoses  of  larger  vessels. 

In  describing  the  clinical  cases,  we  have  assumed  that  there  is  no 
material  change  in  the  output  of  the  heart  when  an  arterio-venous 
anastomosis  had  been  opened  or  closed.  This  assumption  was  based  in  part 
upon  the  ab.sence  of  change  in  venous  f)ressure.  The  experimental  work  has 
its  importance  in  confirming  the  vaUdity  of  this  assumption  ;  since  it  shows 
that  in  the  circumstances  of  the  case  venous  pressure  and  cardiac  output 
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Fig.  3.  Dog  S.  H.  External  iliac  anastomosis  ;  chest  intact,  natural  breathing.  Venous  and 
carotid  pressure  curves.  When,  as  here,  the  chest  is  intact,  the  venous  curve  shows 
conspicuously  both  respiratory  and  heart  cycles.  The  arterial  pressures  change,  but  the 
venous  remains  constant. 


Fig.  4.  Dog  S.  B.  External  iliac  anastomosis  ;  chest  intact,  natural  breatliiug.  Venous  and 
carotid  pressure  curves.  Arterial  pressures  change  conspicuously  and  the  venous  pressure 
rises  by  about  6  mm.  of  water,  on  opening  the  anastomosis. 
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run  hand  in  liauil,  and  tliat  neither  the  one  nor  the  other  is  necessarily 
increased  by  anastomoses  producing  arterial  changes  comparable  to  those 
found  in  the  cHnical  cases  we  have  recorded. 


T.VULK   111. 
Venous  ritfc  and  cardiac  output. 


Carotid  pressures. 

Venous  press. 

Cardiac 

Heart 
rate. 

Dilatation 

of 

heart. 

— 

A.V.A. 

closed. 

A.V.A. 

open. 

oa  opening,    in  ce.  p.  beat. 

A.V.A.              A.V.A. 

A.V.A. 

Dog  R.V. 

(syst.) 
50 

(diast.) 
25 

is>-st.) 
44 

(diast.) 
15 

imclianged 

closed 
50 

open 
4-6 

closed 
186 

open 
186 

conspicuous 
and  progressive 

Dog  R.X. 

54 
75 

25 
40 

48 
65 

14 
25 

unclianged 
uiiclianged 

5-8 
5-8 

6-2 

5-7 

156 
174 

162 
174 

slight 
none 

Dog  S.  B. 

8G 
110 

50 
60 

60    ■ 
60 

30 
30 

rise  of  9 
rise  of  3 

10-4 
10-3 

12-6 
10-9 

264 
270 

201 
264 

[present 

Dog  S.  F.     \     75 
[     50 

20 
20 

70 
55 

5 
5 

rise  of  1 
rise  of  2 

8-6 
6-3 

9-6 

8-8 

105 
192 

1.59 
198 

present 
conspicuous 

Dog  S.  U. 

65 

45 

60 

35 

unchanged 

4-5 

4-8 

216 

208  i  slight 

Dog  S.  H. 

100 
115 
115 
130 

40 
60 
60 
70 

100 
110 
110 
135 

30 

40 
48 
50 

rise  of  5 
rise  of  3 
rise  of  1-5 
imclianged 

13-8 
8-4 
9-2 

130 

15-6 
100 
100 
13-2 

216 
237 
234 
216 

222  ^ 

237     1 

20.T   1  > little  or  none 

216    J 

In  all  these  experiments  the  anastomosis  was  between  external  iliac  artery  and  vein. 

Size  of  Ike  heart. 

On  opening  an  anastomo.sis  (the  heart  rate  in  these  experiments  remaining 
as  usual  unaltered),  an  immediate  decrease  in  the  .size  of  heart  seems  to  be 
invariable,  or  almost  so ;  it  usually  amounts  to  from  1  to  2  cubic  centimetres, 
though  it  may  be  less,  and  is  conspicuous  or  not  according  to  whether  there 
is  or  is  not  a  conspicuous  fall  of  mean  arterial  pressure.  The  duration  of  this 
fall  of  volume  is  brief,  being  precisely  that  of  the  fall  of  blood  pre.ssiire,  beat 
for  beat  as  nearly  as  can  be  estimated.  During  the  period  of  the  fall,  the  output 
of  the  heart  may  be  unchanged  (Fig.  5)  or  sUghtly  increased.  In  the  instances 
where  there  is  increased  outjjut  the  fall  in  cardiac  volume  is  attributable  in 
part  to  this  factor.  Presumably  the  increased  output  is  due,  when  it  occurs, 
to  decreased  resistance  in  the  aorta,  the  heart  losing  some  of  its  residual  blood  ; 
for  the  venous  pressure,  even  when  raised,*  cannot  materially  affect  output 
for  several  cardiac  cycles.  But  the  initial  decrease  in  the  size  of  the  heart 
cannot  always  be  ascribed  to  this  cause ;  sometimes  it  is  wholly  due  to  a 
different  cause,  namely,  to  decrease  in  the  size  of  the  coronary  vessels;  the  last 

*  When  venous  pressure  rises  and  the  whole  heart  is  in  the  cardiomet«r,  the  increase  in  the 
size  of  the  right  auricle  will  tend  to  mask  this  initial  decrease  in  heart's  size. 
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Fig.  5.  ( X  s)  ^oy  R.X.  External  iliac  auastoinosis ;  chest  open,  artificial  respiration 
Carotid  pressure  curve,  venous  readings  and  cardiac  volume  curve.  The  venous  readings 
were  taken  at  equal  intervals  over  a  stretch  of  curve  of  known  duration,  the  times  at  which 
the  anastomosis  was  opened  and  closed  heing  noted  ;  the  readings  have  been  written  in 
subsequently  at  regular  intervals,  sulxlividing  the  oirve  by  the  number  of  actual  readings. 


Vog  S.  H.     External  iliac   anastomosis  ;   chest  intact,  natural    breathing.       Intestinal 
volume  curve,  calibrated  in  cubic  centimentres  and  arterial  pressure  curve. 
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is  in  fact  probahly  tI\o  cliief  cause  of  the  lieart's  shrinkage  in  all  instances 
of  the  initial  decrease  of  size.  As  often  as  not  the  heart's  output  remains 
unclianged  over  this  phase  of  falling  volume  ;  meanwhile  venous  pressure  and 
input  are  steady  or  are  raised.  Diminution  in  the  size  of  the  heart  cannot  in 
these  circumstances  be  due  to  change  in  the  content  of  the  heart's  cavities. 
Fig.  ">  may  he  regarded  as  a  ty])i(al  example  of  many  of  the  cardiac  volume 


Pig.  7.      Dog  S.  F.     E.xternal  iliac  aiuvstomusis;  cliest  open,  m'titioial  respii-iit 
carotid  curves,  taken  simultaneously  with  a  cardiac  voUinie  cin-v 


curves.  In  this  instance  arterial  pressures  fall  conspicuously  on  opening  an 
iliac  anastomosis.  The  venous  pressure  remains  unchanged  ;  the  output  of 
the  heart  is  unchanged,  but  the  heart  shows  an  initial  decrease  in  size.  From 
this  there  is  shortly  a  recovery,  and  the  curve  runs  straight  until  the 
anastomosis  is  closed,  when  the  events  are  reversed.  A  similar  initial  fall  of 
cardiac  volume,  unaccompanied  by  change  of  cardiac  outjjut,  is  shown  in 
Fig.  8  ;  in  Fig.  7  the  fall  is  less  distinct  and  soon  gives  j^lace  to  pronounced 
dilatation  of  the  heart.  In  Fig.  2  the  initial  fall  is  exceptionally  small  ;  it  is, 
in  fact,  only  just  perceptible. 

The  volume  of  a  loop  of  intestine  passively  follows  the  arterial  pressures 
(Fig.  6).     A  loop  having  approximately  one-tliird  the  volume  of  the  heart, 
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diminished  in  size  by  one-fifth  of  a  cc,  in  an  instance  in  which  the  change 
of  arterial  pressure  was  not  conspicuous.  The  influence  of  the  coronary 
vessels  upon  cardiometer  curves  has  not  been  ajjpreciated  ;  it  is  obviously 
of  moment.  Dr.  Fred  Smith  has  measured,  by  injection,  the  content  of 
the  coronary  ves.sels  in  several  of  the  dogs  used  in  these  experiments.  He 
finds  in  these  dogs  a  coronary  capacity  of  about  10  cc.  at  a  pressure  of 
90  mm.  Hg.,  and  of  7-5  cc.  at  a  pressure  of  70  mm.  Hg..  A  fall  of  10  mm. 
distension  pressure  in  the  coronary  vessels  of  such  hearts  would  reduce  the 
volume  of  the  heart  by  approximately  1  cc. 

The  reverse  change,  namely,  an  increase  of  similar  degree  in  the  size 
of  the  heart,  is  seen  immediately  on  clo.sing  the  anastomosis  (Figs.  5  and  8)  ; 
it  is  ascribed  to  filling  of  the  coronary  vessels,  and  in  lesser  degree  to  decreased 
outjjut  consequent  on  an  increase  of  peripheral  resistance. 

A  change  in  the  size  of  the  heart  during  the  period  intervening  between 
the  initial  decrease  and  final  increase  in  size  di.scussed  is  the  rule.  It  consists 
of  a  dilatation,  quickly  reaciiing  and  continuing  at  a  certain  level  (Figs.  5  and 
7)  or  progressing  (Fig.  8).  In  animals  in  wJiich  the  arterial  pressures  are 
well  maintained  after  the  chest  is  opened  and  the  cardiometer  fitted,  little 
or  no  such  dilatation  is  seen  (Fig.  2)  ;  in  animals  in  which  the  arterial 
pressures  are  low  tliis  dilatation  may  be  conspicuous  and  progressive.  Thus, 
at  the  stage  of  the  experiment  from  which  Fig.  8  was  taken,  the  animal's 
condition  was  not  good  ;  arterial  pressures  were  very  low  and  the  cardiac 
output  small.  On  opening  an  ihac  anastomosis  the  arterial  pressures  fell 
further  and  continued  at  this  very  low  level  until  the  anastomosis  was  closed 
again.  The  cardiac  volume  first  dechned  sharply  and  then  increased  steadily 
until  the  anastomosis  was  closed,  when  there  was  a  gradual  return  to  normal. 
This  j^rogressive  dilatation  of  the  heart  was  not  due  to  a  change  of  venous 
pressure  ;  the  venous  readings  fluctuated  over  the  same  3  mm.  of  the 
water  column  throughout  the  record.  The  dilatation  is  accounted  for  by 
lessened  output,  which  the  curve  distinctly  shows.  Such  a  conspicuous  and 
progressive  dilatation  of  the  heart  following  a  few  seconds  after  the  opening 
of  the  anastomosis  is  not  to  be  regarded  as  a  healthy  reaction  ;  occurring 
as  it  does  in  animals  in  which  the  circulation  is  faifing,  it  is  attributable  to 
lowering  of  the  arterial  pressures  to  an  extent  that  the  suj^ply  of  blood  to  the 
coronary  ve.s.sels  is  insufficient  to  nourish  the  heart.  The  heart  then  dilates 
and  its  output  dechnes.  That  in  such  an  experiment  the  heart  muscle  has 
been  reduced  to  a  hypodynamic  state,  first  by  the  general  conditions  of  the 
experiment  and  lastly  by  the  opening  of  the  anastomosis,  is  well  illustrated 
by  Fig.  8.  Not  only  is  there  the  progressive  dilatation,  a  dilatation  ascribable 
jjurely  to  lessened  output  and  consequent  increase  of  the  heart's  residual 
blood,  but  there  are  several  other  manifestations.  The  heart  rate  dechnes 
sUghtly  during  the  period  of  the  leak  and  extra-systoles  appear,  wliich 
disturb  the  otherwise  regular  heart  rhythm  ;  moreover,  the  pulse  shows  brief 
alternation  after  these  extra-systoles.     Extra-.systoles  alone  or  alternation 
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of  a  more  conspicuous  kind  have  been  seen  in  other  experimciits  of  this 
series  under  very  similar  circumstances. 

Conspicuous  dilatation  (5  or  more  cc),  which  does  not  i)rogress  is  often 
associated  with  a  rise  of  venous  pressure  and  an  increased  cardiac  output 
(Fig.  7).  In  such  it  is  difficult  fully  to  analyse  the  causes  of  dilatation  :  but 
since  such  rises  of  venous  pressure  are  not  necessarily  accompanied  by 
dilatation  other  than  increase  in  the  heart's  diastoHc  volume  (as  in  Fig.  2, 
where  arterial  pressures  run  high),  and  since  conspicuous  dilatation  may  be 
seen  in  the  absence  of  a  venous  rise  (Fig.  8),  we  are  inchned  to  attribute  all 
increases  of  the  heart's  volume  in  our  experiments  primarily  to  defective 
arterial  (and  in  particular  coronary)  pressures,  consequent  upon  interference 
with  the  wall  of  the  thorax,  upon  anaesthetic,  etc.,  this  defect  being  exaggerated 
by  the  opening  of  the  arterio-venous  anastomosis.  While  it  has  not  been 
possible  to  exclude  rise  of  venous  pressure  as  a  direct  cause  of  dilatation  in  all 
instances,  it  has  not  api^eared  to  be  the  cliief  factor  concerned  ;  that  is  so 
because  the  rise  of  venous  pressure  has  never  been  great.  Given  larger 
anastomoses  and  consequently  larger  rises  of  venous  pressure,  this  factor 
would  no  doubt  play  a  chief  role.  Such  anastomoses  have  been  avoided, 
since  they  would  have  been  less  comparable  to  the  clinical  cases  which  we 
have  recorded. 

Comment.  In  the  clinical  cases  no  change  in  the  diastolic  size  of  tlie 
heart  could  be  determined  on  opening  or  closing  an  anastomosis.  It  would 
have  been  preferable  had  the  X-ray  observations  been  undertaken  \\-ith  the 
patients  under  atropine,  to  ehminate  changes  of  heart  rate.  We  arc  not  able 
to  state  that  there  was  no  change  of  diastohc  volume,  but  onlj^  that  such 
changes  as  may  have  occurred  could  not  have  been  large.  That  dilatation 
of  the  heart  does  not  necessarily  occur,  when  an  anastomosis  sufficient  to 
produce  conspicuous  arterial  changes  is  opened  up,  is  definitely  indicated  by 
our  experiments.  In  speaking  thus  of  dilatation,  we  have  in  mind,  first  of  all, 
a  dilatation  occurring  within  the  first  minute,  as  distinct  from  such  a  slow 
dilatation  as  may  be  consecutive  to  the  lesion,  and  such  as  is  believed  to 
explain  chronic  enlargement  of  the  heart  in  chnical  arterio-venous  aneurism. 
Although  in  man  or  in  an  animal,  in  wiiich  arterial  pressures  are  normal, 
a  sul)stantial  lowering  of  these  pressures  may  not  at  once  result  in  cardiac 
dilatation,  tliis  dilatation  will  very  probably  follow  if  the  lower  pressures 
arc  maintained  for  prolonged  periods  of  time.  This  question  has  already  been 
discussed  in  the  chnical  section  of  these  studies. 

Our  experiments  suffice  to  demonstrate  that  chlatation  of  the  heart  can 
occur  consequent  upon  an  arterio-venous  aneurism  apart  from  increased 
venous  pressure  ;  and  tend  to  indicate  that  a  chief  cause  is  the  fall  of  coronary 
arterial  pressiu-e,  a  conclusion  already  reached  from  our  clinical  observations. 
Dilatation  of  the  heart  as  a  consequence  of  arterio-venous  aneurism  may  be 
said  to  be  dependent  probably  on  two  cliief  events.  It  will  depend  upon 
lowering  of  coronary  arterial  pressure  on  the  one  hand,  and,  arising  from  this 
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cause,  it  will  be  more  conspicuous  the  lower  the  arterial  pressures  are  origin- 
ally and  the  more  these  pressures  are  affected  by  the  leak.  It  will  probably 
also  depend,  when  the  leak  is  sufficient  appreciably  to  raise  general  venous 
pressure,  upon  this  rise  of  pressure,  the  heart  dilating  to  accommodate  the 
additional  blood  flowing  into  it. 

Changes  in  arterial  inesdure  described  in  detail. 

The  immediate  effect  of  opening  an  anastomosis,  between  vessels  of  the 
size  of  the  external  iliacs,  on  the  diastolic  pressure  is  invariable.  This 
pressure  falls  precipitately  by  15  to  30  or  more  mm.  Hg..  The  systolic 
pressure  shows  less  constant  change  ;  usually  it  falls  precijjitatcly  by  a  few 
millimetres  ;  in  some  instances  the  fall  is  greater,  but  it  never  equals  in 
amount  the  fall  in  diastolic  pressure  (Figs.  4,  5,  etc.)  ;  the  pulse  pressure 
invariably  increases.  In  some  instances  there  is  little  or  no  change  of 
systolic  pressure  (Fig.  6),  or  an  actual  rise  amounting  excej^tionally  to  20  or 
30  mm.  Hg.  ;  in  the  last  instances,  the  diastohc  pressure  falling  as  usual,  the 
liighest  pulse  pressures  are  seen. 

Pressures  established  after  opening  an  anastomosis.  In  general  these  are 
similar  to  those  prevailing  a  few  seconds  after  the  actual  release  of  the 
anastomo.sis,  though  both  sj'stolic  and  diastolic  j^ressure,  but  esj^ecially  the 
systolic,  usualty  rise  a  little  ;  that  is  to  say,  there  is  usually  a  little  recovery 
in  the  pressures  within  a  few  seconds  of  the  establishment  of  the  leak  (.see 
Figs.  4  and  9).  Thus  the  established  diastolic  pressure  is  usually  15  to  20 
mm.  Hg.  below  normal.  Recovery  may  not  occur,  in  which  case  the  tracing 
is  of  the  forms  shown  in  Figs.  3  and  5,  consisting  of  straight  lines.  .Such 
flat  curves  are  rarely,  if  ever,  associated  with  a  change  of  venous  pressure  or 
of  cardiac  output,  and  are  closely  comparable  to  those  we  have  seen  clinically. 

In  other  instances  the  recovery  is  spread  over  a  more  considerable 
period  of  time,  namely,  20  or  30  seconds  (Figs.  9  and  10).  This  recovery 
and  its  variation  makes  it  difficult  to  express  the  pressures  prevailing  in 
tabular  form. 

When,  as  a  result  of  opening  an  anastomosis,  a  rise  of  systohc  pressure 
above  normal  occurs  immediately  or  during  the  sub.sequent  recovery  (Figs. 
9  and  10),  the  venous  pressure  is  invariably  found  to  be  increased  and  so 
also  is  the  cardiac  output  ;  to  this  increase  of  cardiac  outjout  the  higher 
systolic  pressure  is  mainly  attributed.  The  two  f)henomena,  namely,  change 
of  systolic  pressure  and  change  of  venous  pressure,  do  not  run  quite  parallel, 
however  ;  for  a  rise  of  venous  j:)ressure  may  be  and  often  is  associated  with 
a  fall  of  systoUc  pressure.  Two  factors,  the  direct  effect  of  the  leak  tending 
to  lower  systoUc  pressui'e,  and  the  indirect  effect  of  raised  venous  pressure, 
when  this  occurs,  tending  to  raise  systolic  pressure  by  increasing  cardiac 
output,  are  often  in  conflict. 

While  it  is  true  that  the  greater  the  leak  the  greater  is  the  fall  of  diastolic 
pressure  ;    and  wliile  it  is  also  true  in  general  that  the  greater  the  leak  the 
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Fig.  9.  Dog  S.E.  External  iliac  anastomosis;  chest  intact,  natural  breathing.  Venous  and 
carotid  pressure  curves.  Illustrating  recovery  of  arterial  pressures,  in  the  perioil  during 
wliich  the  anastomosis  remained  open. 


Fig.  10.  From  the  same  animal  and  under  similar  conditions.  \'enous  and  carotid  pressure 
curves,  illustratmg  an  unusual  recovery  of  arterial  pressures  and  a  progressively  increasing 
venous  pressure  in  the  period  during  which  the  anastomosis  remained  open. 


more  likely  is  there  to  be  a  rise  of  venous  pressure  ;  yet  because  these 
relationships  are  not  precise,  a  further  relationship  between  fall  of  diastolic 
pressure  and  change  in  venous  pressure  is  not  always  to  be  established, 
though  it  may  exist.  Presumably  the  absence  of  a  fixed  relationship  of  this 
kind  is  due  (as  the  absence  of  a  similar  relationship  in  the  case  of  the  systolic 
pressure)  to  the  diastolic  pressure  being  often  influenced  in  opposite  directions, 
there  being  on  the  one  hand  the  tendency  for  the  leak  directly  to  reduce  it, 
while  a  rise  of  venous  pressure  tends,  by  increasing  cardiac  output,  to 
increase  it. 

The  explanation  of  the  recovery  of  mean  pressure  when  this  occurs 
shortly  after  the  anastomosis  becomes  estabUshed  is  quite  clear.  It  is 
always  accompanied  by  an  increase  of  cardiac  output  (Fig.  7)  ;    the  rate 
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and  degree  of  recovery  and  the  rate  and  degree  of  increase  in  cardiac  output 
run  precisely  hand  in  hand.  It  is  also  evident  that  the  increased  cardiac 
output  at  tins  stage  is  controlled  bj'  venous  pressure.  The  increased  cardiac 
output  does  not  occur  unless  venous  pressure  is  raised.  Usually  the  venous 
pressure  rises  quickly  and  forms  a  plateau  ;  in  this  circumstance  the  output 
increases  quickly  and  remains  constant,  or  it  may  show  a  more  gradual 
increase.  In  the  rarer  instances  when  the  venous  pressin-e  continues  to  rise, 
the  cardiac  output  increases  pari  passu,  and  the  recovery  of  arterial  pressures 
is  very  conspicuous.  Thus,  in  Fig.  10,  the  gradual  ascent  of  venous  pressure 
is  manifest  and  is  associated  with  a  rise  of  systolic  pressure  to  a  point  well 
above  normal.  In  Figs.  7  and  9  the  venous  ciu-ve  is  more  of  the  plateau 
form,  though  careful  measurement  shows  venous  pressure  to  be  rising  a  little 
throughout. 

Effects  of  closing  an  anastomosis.  These  effects  are  naturally  in  general 
opposite  to  the  effects  of  opening  an  anastomosis  ;  sooner  or  later  the 
pressures  return  to  normal.  The  form  of  curve  is,  however,  influenced  by 
previous  events.  In  instances  where  the  arterial  curve  is  flat  over  the  period 
during  wliich  the  anastomosis  is  open  (Fig.  3),  the  pressures  usually  return 
to  normal  promptly.  In  instances  where  there  has  been  a  previous  recovery 
of  arterial  pressures,  these  rise  above  normal  when  the  anastomosis  is  closed 
(Figs.  7  and  9),  and  subsequently  fall  away  to  normal.  This  rise  in  the 
general  level  of  the  curve  above  normal  is  associated  with  a  cardiac  output 
in  excess  of  normal  and  with  a  decline  of  the  raised  venous  pressure  to 
normal.  As  the  last  event  does  not  occur  in  a  constant  time  interval,  the 
rise  of  general  level  may  be  transient  or  iv  may  be  spread  over  many  heart 
beats  (see  2nd  cturve  of  Fig.  2). 

There  is,  however,  a  further  factor  which  compUcates  the  curves  of 
closures.  Over  the  period  during  which  the  anastomosis  is  open,  the 
ventricles  sometimes  dilate  ;  they  return  to  their  normal  volume  when  the 
anastomosis  is  closed.  The  blood,  which  has  collected  in  the  heart,  is  thrown 
into  the  arterial  sj'stem  and  the  rise  of  arterial  pressures  wliich  occurs  on 
closure  may  be  thus  exaggerated.  That  this  factor  may  play  its  part  is 
shown  by  instances  in  which  a  rise  of  arterial  pressures  above  normal  occurs 
on  closing  the  anastomosis  even  though  venous  pressure  has  remained 
constant.  A  rise  above  normal  does  not  occur  unless  there  has  been  either 
a  rise  of  venous  pressure  or  some  degree  of  cardiac  dilatation  (or  both) 
over  the  period  of  leakage.  A  rise  of  arterial  pressures  above  normal  seems 
always  apparent  if  there  has  been  dilatation,  whether  venous  pressure  has 
been  raised  or  not,  unless  the  dilatation  passes  off  very  gradually.  Clearly, 
the  rate  at  which  the  dilatation  passes  off  will  influence  the  extent  of  the 
subsequent  rise  of  ar^^erial  pressure.  In  a  few  instances  the  pressures  do  not 
rise  to  normal  for  some  while  after  the  anastomosis  is  closed  (Fig.  5)  ;  in  such 
the  output  of  the  heart  is  found  to  be  decreased  and  the  venous  pressure  to 
rise  a  httle  when  the  anastomosis  is  closed. 
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It  is  not  certain  how  this  comes  about,  though  we  are  inchned  to  the 
following  view.  In  the  period  during  which  the  anastomosis  is  open,  the 
heart  is  under-nourished,  but  is  still  just  able  to  drive  out  the  unchanged 
volume  of  blood  deUvered  to  it  by  the  veins,  since  it  drives  out  tliis  blood 
against  a  reduced  assistance.  When  the  anastomosis  is  closed,  the  muscle 
of  the  heart  takes  some  while  to  recover  strength,  and  during  this  period  its 
output  is  below  normal,  because  the  resistance  it  has  to  overcome  has  risen. 

Comment.  In  our  chnical  cases  we  have  found  both  the  systoHc  and 
diastohc  pressures  lower  than  normal  and  the  pulse  pressure  increased.  This 
was  to  have  been  anticipated  on  theoretical  grounds  and  from  a  comparison 
with  aortic  regurgitation.  We  have  also  found  that  on  compressing  the 
vessel  leading  to  the  anastomosis,  both  pressures  rise,  but  that  the  diastolic 
pressure  rises  more  than  does  the  systoUc  ;  both  rise  in  fact  to  normal 
levels,  and  the  pulse  pressure  becomes  normal.  It  is  to  be  pointed  out, 
however,  that,  while  the  systolic  pressure  in  man,  by  general  consent,  is 
obtainable  with  considerable  accuracy,  there  is  more  doubt  as  to  the  value 
of  diastohc  readings,  and  not  all  observers  accept  the  commencing  decUne 
of  the  Kurotkow  sounds,  in  the  artery  beyond  the  cuff,  as  yielding  a  true 
value.  Whether  it  actually  represents  diastohc  pressure  or  not  is  in  more 
doubt  than  that  it  represents  some  critical  pressure  not  varying  greatly 
from  the  diastolic ;  so  that  even  if  the  clinical  readings  are  not  acciurate 
expressions  of  diastohc  pressure  they  are  almost  certainly  valuable  in 
judging  the  relative  values  of  the  lowest  pressure  ranges  of  the  pulse,  while 
comparing  one  case  and  another,  and  a  fortiori  while  comparing  these  lowest 
pressure  in  the  same  case  from  time  to  time.  Hiirthle  manometer  and 
optical  arterial  records  (Figs.  11  and  12)  from  dogs  place  the  changes  in  the 
arterial  j^ressures,  when  an  arterio-venous  anastomosis  is  opened  or  closed, 
beyond  doubt  ;  and  as  those  readings  of  systoHc  and  diastolic  pressure, 
wliich  we  previously  obtained  from  patients,  are  of  the  same  kind  and 
order,  we  have  no  hesitation  in  beheving  that  they  are  accurate,  at  all  events 
in  this  relative  sense. 

It  has  been  seen  that  in  dogs  the  types  of  arterial  curve  on  opening  and 
closing  an  anastomosis,  though  constant  so  far  as  the  main  events  are 
concerned,  are  very  varied  in  their  detail.  The  type  to  which  the  cUnical 
cases  have  conformed  is  that  in  wliich,  after  a  steep  fall  of  pressures  these 
remain  constant  until  the  closure,  when  the  return  to  normal  is  prompt ; 
a  recovery  of  arterial  pressures  during  the  period  following  release  of  an 
arterio-venous  anastomosis  has  not  been  observed.  The  clinical  type  of 
curve  is  found  exjierimentally  when  there  is  no  rise  of  venous  pressure  and  no 
increase  of  cardiac  output  ;  an  observation  which  harmonises  with  the 
absence  of  venous  change  in  our  ijaticnts  and  with  our  view  that  carchac 
output  was  unaltered.- 

In  our  chnical  cases,  however,  a  sUght  and  very  transient  rise  of  systohc 
pressure  above  normal  was  obtained  on  closing  the  anastomosis.  In 
experiments  in  which  a  similar  event  has  been  seen,  it  has  been  shown  to  be  due 
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either  to  a  transference  of  venous  blood,  as  the  venous  pressure  falls,  or  to  a 
transference  of  cardiac  blood,  as  dilatation  of  the  heart  i^asses  away  to  the 
arteries.  The  rise  of  sj^stolic  pressure  in  the  patients  has  been  small  in  the 
case  of  the  bracliial  artery,  greater  in  the  case  of  the  pophteal,  to  wliich  a 
special  explanation  applies.  In  the  jjaticnts  it  is  due  in  some  part  to  the 
associated  fall  of  carthac  rate  (maximal  at  this  phase)  and  to  an  accompanying 
increase  of  pulse  pressure,  a  factor  not  present  in  our  animals.  It  might  be 
attributed  solely  to  change  of  heart  rate  were  it  not  that  a  similar  though 
lesser  rise  was  observed  in  one  patient  under  atropine  ;  tliis  rise  was  one 
of  but  a  few  mm.  Hg.,  and  was  maintained  for  only  a  few  beats.  As  no 
pertinent  change  of  venous  pressure  could  be  detected  in  this  case,  this  small 
and  transient  rise  of  s3'stohc  pressure  above  normal  can  be  attributed  only  to  a 
slight  dechne  in  the  size  of  the  heart,  and  to  an  associated  shght  and  transient 
increase  of  cardiac  output,  immediateh'  on  closing  the  anastomosis.  In 
our  X-ray  examination  of  this  patient  we  were  unable  to  detect  any  reduction 
in  the  size  of  the  heart  wliich  might  not  be  attributed  reasonably  to  more 
complete  sj-stoles,  consequent  upon  the  diminished  rate  of  beating.  This 
little  superjxormal  phase  of  systolic  arterial  pressure  suggests,  nevertheless, 
that  a  Uttle  shrinkage  of  volume,  diastoHc  as  well  as  sj'stohc,  actually 
occurred,  though  we  were  unable  to  detect  it.  That  the  change  was  trivial 
is  shown  not  only  by  the  sUghtness  of  the  rise  of  systohc  pressure,  but  also 
by  our  inability'  to  recognise  a  transient  increase  in  the  flow  of  blood  to  the 
Umbs  immediately  after  closing  the  anastomosis. 

Blood  floic  in  carotid  artery  and  nutrition  of  the  heart. 

The  blood  flow  in  the  carotid  artery  falls  away  consjMcuousty  when  the 
arterio-venous  anastomosis  is  opened ;  it  rises  when  the  anastomosis 
is  closed.  These  are  the  natural  and  anticipated  results  of  fall  and 
rise  of  mean  arterial  pressure.  It  happens  that  in  all  the  experi- 
ments in  which  "  Stromuhr  "  readings  were  taken,  at  the  time  of  these 
observations  the  opening  of  the  anastomosis  was  followed  by  a  rise  of  venous 
pressure.  In  all  but  one  experiment  the  readings  were  taken  while  the  chest 
of  the  animal  was  intact  and  the  animal,  therefore,  in  good  condition.  In 
view  of  the  rise  of  venous  pressure  in  these  animals,  an  increased  cardiac 
output  may  also  be  assumed.  In  the  one  experiment  in  which  the  chest  was 
open,  the  ventricular  output  was  also  estimated  ;  on  opening  the  anastomosis 
the  carotid  outflow  fell  from  32-7  to  24  cc.  per  minute  ;*  the  heart  rate 
remained  unaltered,  the  venous  pressiu-e  rose  2-5  mm.,  the  systohc  arterial 
pressure  fell  from  110  to  100  and  the  diastoUc  pressure  from  GO  to  40  ; 
the  cardiac  output  rose  from  12-4  to  15-2  cc.  per  beat. 

When  an  anastomo.sis  of  the  external  ihac  vessels  is  closed,  the  chest  wall 
being  intact,  the  blood  flow  is  increased  in  the  carotid  artery  by  percentages 
varying  from  24  to  52  per  cent.. 

*  The  carotid  flow  in  animals  in  which  the  chest  is  open  is  usually  about  half  the  normal. 
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TABLE  IV. 

Carotid  blood  Jlow,  etc.  (chest 

intact). 

Arterio-venous 

anastomosis  closed. 

Arterio-venous  anastomosis  open. 

Dofi. 

Heart' 
rate. 

B.  P. 

Venous  in 
mm.  HjO. 

Carotid 
flow  in 
cc.  p. 

Resp. 
rate. 

Heart 
rate- 

B. 

P. 

Venous  in 
mm.  H2O. 

Carotid 
flow  in 
cc   p. 

Resp. 
rate. 

S.A. 

210 

(syst.) 
160 

(diast.) 
78 

18 

72 

34-2 

210 

(syst.) 

180 

(diast.) 
44 

20 

57 

38-4 

S.D. 

138 

138 

78 

—21-5 

45 

27-0 

138 

138 

55 

—18-5 

35 

300 

ti.E. 

141 

135 

75 

—52-5 

109 

13-5 

141 

150 

70 

—50 

83 

15-9 

135 

140 

85 

—34 

79 

artif. 

138 

150 

65 

—27 

55 

artif. 

132 

130 

85 

—.58-5 

73 

21-0 

138 

135 

70 

—55 

48 

31-8 

S.F. 

208 

145 

90 

—32 

77 

141 

204 

150 

50 

25 

57 

150 

180 

120 

70 

—24 

48 

14-1 

183 

100 

40 

—19 

37 

15-3 

*  The  data,  other  than  the  carotid  flow  values,  are  from  simultaneous  records,  taken  imme- 
diately before  and  after  each  set  of  "  Stromuhr  "  readings. 

In  all  these  experiments  the  anastomosis  was  between  external  iliac  artery  and  vein. 


The  change  in  blood  flow  through  the  carotid  may  be  taken  as  an 
indication  of  changed  blood  flow  in  the  arteries  of  the  body  generally  ;  and 
changes  of  at  least  this  order  may  be  assumed  to  occur  in  the  coronary 
vessels.  It  is  to  diminished  flow  of  blood  to  the  nutrient  vessels  of  the  heart 
that  we  ascribe  certain  manifestations  of  arterio-venous  anastomosis,  the 
lessened  blood  flow  tending  to  reduce  the  heart  to  a  relatively  hypodynamic 
state. 

Comment.  In  two  clinical  cases  the  flow  of  blood  to  the  limbs  was 
estimated  with  an  arterio-venous  aneurism  open  and  closed.  In  these 
cases  the  measured  flow  on  closing  the  vessel  was  estimated  at  approximately 
30  and  100  per  cent.,  respectively.  The  last  percentage  increase  has  not 
been  approached  in  our  experiments,  an  increase  of  52  per  cent,  being  the 
liighest  recorded. 

The  two  series  are  not  strictly  comjjarable,  since  in  the  experiments  the 
closure  of  the  anastomosis,  decreasing  as  it  actually  did  the  outj^ut  from  the 
heart,  would  tend  to  decrease  the  flow  through  the  arteries. 

The  chief  value  of  our  figures  from  the  clinical  standpoint  is  that  they 
indicate  how  large  an  effect  on  blood  flow  anastomosis  of  vessels  of  the  order 
used  may  exert. 


Respiratory  rate,  etc. 

The  opening  of  an  anastomosis  has  j)roduced  in  many  experiments  a 
slight  but  definite  increase  of  respiratory  rate,  amounting  to  from  1  to  4 
respirations  per  minute  ;    in  one  experiment  this  effect  was  more  decided, 
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the  rate  rising  from  21  to  32  per  minute.  In  other  experiments  there  has 
been  little  or  actualh'  no  change.  Quickening  of  respiration  may  be 
accompanied  by  unaltered,  slightly  increased,  or  more  rarely  by  diminished 
excursion.  It  is  not  uncommon  to  see  a  single  and  unusually  deep  ins])iration 
soon  after  the  opening  of  an  anastomosis.  The  rate  of  inspiration  and  clianges 
which  occur  in  it  are  displayed  by  the  venous  curves.  Thus  in  Figs.  2  and  3 
there  is  no  change  of  rate,  while  in  Figs.  9  and  10  it  is  very  decided. 

In  our  cHnical  cases  there  was  either  no  change  in  respiratory  rate  or  a 
slight  decrease  on  opening  the  anastomosis  ;  considering  simply  the  fact 
that  opening  enables  fully  aerated  blood  to  reach  the  veins  directly  from  the 
arteries,  a  decreased  ventilation  on  opening  the  anastomosis  would  be 
anticipated.  As  has  been  pointed  out,  however,  this  influence  is  counter- 
acted by  diminution  of  the  blood  flow  to  the  brain,  sometimes  completely 
counteracted,  sometimes  almost  counteracted.  In  the  exjjeriment  on  dogs 
the  instances  where  respiratory  rate  showed  no  change  are  comparable  to 
the  clinical  observation.'  The  instances  in  which  the  respiratory  rate 
increased  on  opening  the  anastomosis  are  not  comparable  ;  for  although  a 
diminished  supply  of  arterial  blood  to  the  brain  would  tend  in  this  direction, 
and  tliis  diminution  occurred,  yet  actually  it  was  not  so  conspicuous  as  we 
believe  it  to  have  been  in  our  patient. 

The  difference  in  behavioiu'  is  possibly  to  be  accounted  for  by  the  fact 
that  venous  pressure  was  not  infrequently  raised  by  opening  an  anastomosis  in 
the  dog  ;  and  support  is  given  to  tliis  view  by  the  observation  that  the  change 
of  respiratory  rate  was  greatest  in  animals  in  which  the  more  conspicuous 
rises  of  venous  pressure  were  seen.  It  is  also  to  be  stated  that  prolonged 
compression,  as  opposed  to  temporary  obliteration  of  the  femoral  artery, 
was  associated  in  our  patient  with  some  discomfort,  wliich  might  in  itself 
raise  respiratory  rate.  In  view  of  these  considerations  the  ajjparent 
discrepancy  between  clinical  and  experimental  findings  does  not  seem 
important. 


Form  of  arterial  jjulse. 

The  main  changes  described  as  occurring  in  the  arterial  pulse  form  of 
patients,  when  an  arteriovenous  anastomo.sis  is  ojiened  up  or  closed,  have 
been  confirmed  in  the  present  experiments.  When  the  anastomosis  is  ojiened 
(Fig.  11),  the  pulse  becomes  exaggerated  in  amplitude  ;  the  upstroke  of  the 
pulse  becomes  steeper,  both  half-way  point  and  summit  being  reached  after 
shorter  time  intervals.  The  pul.se  becomes  of  a  less  sustained  form,  the 
second  wave  occupying  a  lower  place  on  the  downstroke  than  formerly. 
The  downstroke  of  the  pulse  both  before  and  after  the  dicrotic  notcli  is 
quicker.  These  changes  are  illustrated  by  Fig.  11  and  the  following  measure- 
ments (from  two  curves  of  Dog  R.  U.). 
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A.V.  A.  open. 

Heart 

rate. 

A.V.  A. 

closed. 

Heart 
rate. 

Begin,  of 

upstroke 

to  |-way  pt. 

Begin,  of 
upstroke 
to  summit. 

Begin  of 

upstroke 

to  |-way  pt. 

Begin,  of 

upstroke 

to  summit. 

196 
220 

0021 
0  019 

0044 
0048 

196 
220 

0030 
0024 

0068 
0057 

Precisely  opposite  changes  occur  when  the  anastomosis  is  closed,  the 
change  in  each  case  beginning  at  the  next  heart  beat  (Fig.  12).  The  reasons 
for  these  changes  have  been  discussed  fully  in  the  cUnical  section  of  our 
reports. 

Capillary  pulsation. 

In  several  experiments  we  have  examined  the  tongue  and  lips  of  the 
dog  to  see  if,  when  the  anastomosis  is  open  and  the  pulse  pressure  large, 
capillary  pulsation  appears  in  the  mucous  membrane.  None  has  been  seen. 
We  are  not  aware  that  capillary  pulsation  occurs  in  dogs  as  a  result  of  long- 
established  aortic  regurgitation  or  arterio-venous  anastomosis  ;  if  it  does 
do  so,  our  negative  findings  in  the  present  experiments  would  confirm  the 
'view,  wliich  we  have  already  expressed,  that  it  is  due  to  a  consecutive  change 
in  the  circulation  and  is  not  exclusively  dependent  upon  the  pulse  pressure. 

Amount  of  leakage. 

To  obtain  a  very  approximate  idea  of  the  amount  of  blood  flowing 
through  the  anastomosis  between  external  iliac  artery  and  vein,  the 
anastomosed  artery  has  been  cut  across  at  the  end  of  several  experiments, 
and  the  blood  allowed  to  flow  for  15  or  20  counted  beats  into  a  graduated 
vessel.  The  amount  escaping  per  heart  beat  may  then  be  compared  with 
the  output  of  the  left  ventricle  (i  the  output  of  the  two  ventricles)  recorded 
at  the  end  of  the  same  experiment. 


Dog. 

Output  of 
left  ventricle 
in  cc.  per  beat. 

Output  from 
cut  artery  in 
cc.  per  beat. 

Arterial  pressures. 

(syst.) 

(diast.) 

fi.6'. 

2-2 

10 

pressures  low, 

heart  alternating 

R.X. 

2-7 

20 

55 

30 

S.B. 

50 

1-4 

60 

30 

S.H. 

6-2 

1-45 

110 

60 

The  measures  thus  obtained  are,  of  course,  in  excess  of  the  leak  through 
the  anastomosis,  since  in  the   first  circumstances   the   blood  issues  against 
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atmospheric  pressure,  whereas,  in  tlie  hvst  it  flows  against  the  pressure  in  the 
distended  vein.  They  serve,  however,  to  show  how  rapidlj^  blood  escapes 
from  an  artery  when  the  natural  peripheral  resistance  has  been  secured  ; 
and  have  been  utilised  in  discussing  the  amount  of  leakage  occurring  in 
clinical  cases,  in  the  first  part  of  these  reports. 


Summary. 

A  series  of  experiments  upon  dogs  is  described,  in  which  the  effects  of 
arterio-venous  anastomosis  of  the  superficial  femoral,  or  external  iUac, 
vessels  upon  arterial  and  venous  pressures,  cardiac  output,  and  blood  flow 
in  the  arteries,  etc.,  has  been  studied. 

It  has  been  found  that  anastomosis  of  tliis  order  produce  changes  verj' 
similar  to  tho.se  seen  in  the  chnical  cases  of  superficial  femoral  arterio- 
venous aneurisms,  previously  recorded  (Part  I)  ;  and  the  main  conclusions 
of  the  clinical  studies  have  been  confirmed. 
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SOME  OBSERVATIONS   ON  THE   EFFECTS   OF  HEAT  AND  COLD 

ON  THE  VENTRICLES  AND  THE   T  DEFLECTION   OF 

THE   ELECTROCARDIOGRAM.* 

By  FRED.  M.  SMITH,  M.D.  (Chicago). 
(Cardiac  Department,  University  College  Hospital  Medical  School,  London.) 


The  T  wave  of  the  electrocardiogram  is  generally  beUeved  to  be  produced 
by  the  retreat  of  the  excitation  wave  in  the  ventricles.  This  conception  is 
supported  by  observations  on  a  sample  strip  of  muscle  where  the  passage 
of  the  excitation  wave  produces  two  deflections,  one  corresponding  to  the 
stage  of  invasion  and  the  other  that  of  the  retreat.  Furthermore,  the  end 
deflection  which  has  been  attributed  to  the  retreat  of  the  excitation  process 
is  not  confined  to  somatic  muscle,  but  is  common  to  cardiac  muscle. ^  The 
above  conception  is  further  borne  out  by  observation^  on  the  toad's  heart, 
in  wliich  the  spread  of  the  excitation  wave  is  first  down  the  A-V  funnel  to 
the  middle  of  the  simple  ventricle  and  subsequently  downward  to  the  apex 
and  upward  to  the  base.  In  the  electrocardiogram  the  T  wave  is  nearly 
alwaj's  opposite  to  that  of  the  preceding  ventricular  deflection.  The 
direction  of  the  final  ventricular  deflection  is  thus  apparently  definitely 
related  to  the  spread  of  the  excitation  wave. 

Wilson  and  Herrmann^  have  more  recently  made  further  important 
contributions  to  the  prevailing  conception  of  the  T  deflection.  They 
observed  that  the  various  areas  of  the  ventricular  surfaces  pass  out  of  the 
refractory  state  in  the  order  in  which  they  are  known  to  become  activated.^ 
The  apphcation  of  ethyl  cliloride  to  the  ventricular  surfaces  modifies  the 
direction  assumed  by  T  and  prolongs  the  refractory  period  of  the  area 
cooled  without  altering  the  form  of  the  Q-R<S' group.  They  further  stucUed 
the  changes  in  the  T  wave  and  that  of  the  initial  deflections  by  producing 
various  transitional  stages  between  the  levo-  and  dextrocardiogram.  In  each 
instance  the  changes  in  the  form  of  the  end  deflection  was  associated  with, 
definite  alterations  in  the  QRS  group.  They  concluded  from  these 
combined  observations  that  the  final  ventricular  deflection  is  produced  by 
the  retreat  of  the  excitation  process. 

*  Observations  undertaken  on  behalf  of  the  Medical  Research  Council. 
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On  the  basis  of  the  above  observations,  especially  those  concerning  the 
order  of  the  de-activation  of  the  ventricles,  it  would  seem  that  the  apphcation 
of  heat  and  cold  to  various  areas  of  the  ventricles  might  further  be  employed 
in  testing  the  prevailing  conception  of  the  T  deflection.  If  the  ventricles 
are  de-activated  in  the  order  in  which  they  are  activated,  and  if  heat  shortens 
and  cold  prolongs  the  period  of  activation,  heat  and  cold  should  furnish  a 
satisfactory  means  of  determining  the  role  jjlayed  by  different  parts  of  the 
ventricles  in  the  formation  of  the  final  ventricular  wave  of  the  electro- 
cardiogram. 

It  is  generally  known  that  heat  and  cold  conspicuously  alter  the 
direction  assumed  by  the  T  deflection^'  *•  ^'  ® '""' ',  In  most  instances,  however, 
no  means  has  been  devised  to  confine  the  heating  and  cooling  to  localised 
areas  of  the  heart.  Frequently  ethyl  chloride  has  been  employed^*""'"', 
and,  as  pointed  out  by  Wilson  and  Hermann^,  it  is  impossible  to  restrict 
its  action  to  definite  and  small  areas.  Furthermore,  these  investigators 
were  not  certain  that  it  might  not  have  actions  other  than  those  of  coohng. 
Lewis^  considers  that  the  freezing  of  the  surface  of  the  ventricle  with  ethyl 
chloride  throws  areas  of  the  musculature  out  of  action.  This  view  is 
supported  by  the  fact  that  the  freezing  of  the  surface  of  the  left  ventricle 
with  ethyl  chloride  produces  a  far  greater  downward  deflection  of  T  than 
that  following  ordinary  cooling,  and  resembles  that  resulting  from  an 
infarction  of  the  corresponding  areas  by  the  Htigation  of  the  coronary 
arteries,  where  muscle  is  known  to  be  tlirown  out  of  action'^. 

In  the  following  investigations*  various  areas  of  the  anterior  surfaces 
of  the  ventricles  were  heated  or  cooled  by  allowing  water  ranging  in  temper- 
ature from  12  to  40°C.  to  run  through  a  thin  rubber  bag  which  was  held  in 
place  over  the  desired  area  of  the  heart  by  clamps  adjusted  to  the  inflow  and 
outflow  tubes.  The  bag  covered  an  approximate  area  of  12  square  centi- 
metres. Simultaneous  curves  were  taken,  after  the  heat  and  cold  were 
applied  to  selected  areas  of  the  ventricles,  from  lead  //  and  from  a  direct 
lead  from  the  heart.  For  the  latter,  non-polarized  electrodes  were  employed, 
one  contact  being  placed  on  the  area  heated  or  cooled  and  the  other  on  the 
right  chest  wall.  The  various  areas  were  heated  or  cooled  for  a  period  of 
2  to  5  minutes  before  the  curves  were  taken. 

The  apphcation  of  cold  to  tUfferent  areas  of  the  anterior  surface  of  the 
left  ventricle  changed  the  T  in  lead  II  to  a  negative  deflection,  whereas  in 
the  direct  lead  the  final  deflection  was  changed  from  a  downward  to  an 
upright  phase  (Fig.  1).  It  is  to  be  noted  that  the  changes  in  the  direct  lead 
were  far  greater  than  in  that  of  the  normal  lead  //.  The  alteration  in  the 
final  deflection  was  greater  in  coohng  the  apical  region  of  the  left  ventricle 
and  less  over  the  basal  portion.  In  tliis  connection  it  may  be  added  that  it 
is  impossible  to  cool  or  heat  an  area  of  any  appreciable  size  over  the  base  of 

*  Eight  dogB  were  used  in  tlie  investigations.     Thoy  were  fully  anaesthetised  with  inorphiu, 
paraldehyile  and  ether. 
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the  left  ventricle  -n-ithout  cooling  or  heating  the  vessels  coming  down  from 
the  circumflex  branch  of  the  left  coronary  artery.  Under  these  circum- 
stances the  effect  of  cooling  or  heating  is  not  necessarily  locahsed  to  the 
point  of  application  but  may  extend  apexwards  ;  the  corresponding  changes 
in  the  electrocardiogram  may  not  be  attributable  solely  to  basal  coohng  or 
heating. 

The  appUcation  of  heat  and  cold  to  the  right  ventricle  had  the  opposite 
effect  but  in  lesser  degree  than  that  produced  by  the  same  agents  on  the  left 
ventricle.  The  T  in  lead  //  was  made  more  upright  by  cold  and  changed  to  a 
very  slight  negative  deflection  by  heat.  Here,  again,  the  greatest  changes 
were  produced  in  the  curves  from  the  direct  lead. 

The  curves  were  measured  by  means  of  the  comparator.  Readings  of 
the  R  to  intrinsic  interval,  and  of  the  interval  between  the  intrinsic  deflection 
and  the  end  of  the  final  deflection  of  the  direct  lead  (Table  I).  The  former 
estimations  were  made  to  determine  whether  there  was  any  change  in  the 
time  at  which  the  excitation  wave  reached  the  surface  of  the  area  cooled  or 
heated.  The  latter  readings  were  taken  to  determine  whether  the  changes 
in  the  T  deflection  were  associated  with  local  changes  in  the  length  of  systole. 
It  will  be  noted  that  there  was  no  appreciable  difference  in  the  time  at  wliich 
the  selected  area  of  the  heart  became  activated  as  compared  to  the  activation 
of  the  heart  as  a  whole.  It  will  further  be  seen  that  the  changes  in  the 
electrogram  on  cooUng  were  associated  with  a  prolongation,  whereas  on 
heating  they  were  associated  with  shortening  of  the  systole,  as  determined 
by  measurements  on  curves  taken  by  the  direct  lead.  In  order  to  prove  that 
the  effects  observed  in  the  direct  lead  were  confined  to  the  local  area,  control 
curves  were  taken  with  the  electrode  on  the  heart  out.side  the  area  cooled 
and  heated.  Li  these  the  form  of  the  curves  was  unaffected,  the  R  to  intrinsic 
intervals  remained  constant  and  the  electrical  length  of  systolic  was  not 
altered  by  the  change  from  hot  to  cold. 

In  two  experiments*  the  refractory  period  of  the  apical  region  of  the 
left  ventricle  was  determined  after  the  apj^Hcation  of  heat  and  cold.  The 
methodf  emploj-ed  was  the  same  as  that  used  by  Lewis,  Drury  and  Bulger* 
in  determining  the  refractory  period  of  the  auricles.  The  result  (Table  II) 
above  the  horizontal  Une  represent  the  time  intervals  at  which  responses 
were  obtained  to  make  and  break  shocks.  Those  below  the  line  indicate 
the  time  at  wliich  there  was  no  response  to  the  break  shocks.  It  is  to  be 
noted  that  in  each  instance  the  refractorj'  period  was  reduced  by  heat  and 
prolonged  by  cold.  The  percentage  reduction  and  prolongation  of  the 
refractory  period  correspond  fairly  well  in  the  two  experiments.  The 
refractory  period  was  reduced  by  heat  20  and  12  per  cent.,  respectively,  and, 

*  I  wish  to  e.vpress  my  indebtedness  to  Dr.  A.  N.  Drury  for  liis  assistance  in  these  two 
experiments. 

t  Tiie  strength  of  the  testing  shocks  were  about  ten  times  above  threshold  vahie.  Because 
of  the  difference  in  the  strengtli  between  tlie  make  and  break  shocks,  responses  to  the  former  are 
alone  included  in  the  table. 


394 


FRED.     M .     SMITH. 


extended  by  cold  in  the  first  50  per  cent.,  and  in  the  second,  40  per  cent, 
above  the  normal. 

The  changes  in  the  T  deflection  of  the  electrocardiogram  following  the 
application  of  heat  and  cold  to  the  various  areas  on  the  anterior  surface  of 
the  ventricles  is  associated  with  and  apparently  dependent  upon  a  local 
change  in  the  duration  of  the  excitation  process.  Locally,  heat  shortens 
and  cold  prolongs  the  electrical  length  of  systole  and  likewise  shortens 
and  jarolongs  the  refractory  period.  These  findings  furnish  additional 
evidence  favouring  the  view  that  the  T  deflection  represents  the  retreat 
of  the  excitation  process  in  the  ventricle.  It  may  be  further  recalled  that 
the  changes  in  T,  following  the  application  of  heat  and  cold  to  the  left 
ventricle,  were  the  opposite  to  those  produced  by  these  agents  on  the  right 
ventricle.  These  results  further  substantiate  the  conception  that  the  end 
deflection  is  a  composite  of  two  opposing  forces  in  wliich  the  predominating 
effect  of  the  right  ventricle  on  the  deflection  is  upward  whereas  that  of  the 
left  is  downward. 

TABLE  1. 


R  to 

Length  of 

Dog. 

No.  o£ 

Area  of  cardiac 

Tempera- 

intrinsic 

systole 

Cardiac 

Remarks. 

record . 

muscle  cooled  and 
heated. 

ture. 

interval 
in  sees. 

in  sec. 
(electrical). 

rate. 

R.Q. 

6 

Apex   of   left   vent. 

16° 

0009 

0-269 

160 

7 

36° 

00  U 

0225 

160 

R.R. 

1 

♦»          »»        »» 

37° 

0007 

0-192 

160 

2 

»          .,        „ 

16° 

0009 

0-244 

160 

3 

»»          ♦»        »» 

32° 

0006 

0197 

158 

4 

„          „       „ 

16° 

0009 

0-241 

158 

6 

>.          „       ,• 

16° 

0009 

0197 

158 

Control. 

7 

„ 

37° 

0009 

0196 

158 

„ 

R.T. 

5 

j»         >>       .» 

39° 

0009 

0198 

190 

6 

„         „       „ 

17° 

0002 

0-240 

190 

7 

»          ..        >. 

37° 

0-004 

018> 

180 

Control. 

8 

., 

15° 

0001 

0180 

180 

„ 

R.W. 

5 

Middle  of  right  vent. 

15° 

0001 

0-229 

185 

3 

„          „       „ 

41° 

0  001 

0-192 

185 

11 

Ajje-K  of  left  vent. 

39° 

0008 

0-176 

170 

13 

,,          „       „ 

14° 

0004 

0-189 

170 

17 

Base  of  left  vent. 

39° 

0001 

0-220 

130 

18 

-, 

13° 

0000 

0-252 

130 

R.Y. 

2 

Middle  of  right  vent. 

40° 

0003 

0-180 

180 

3 

„         „       „ 

14° 

0009 

0-234 

180 

5 

,,         ,,       „ 

13° 

0-002 

0-160 

220 

Control. 

6 

„         „       „ 

38° 

0002 

0-160 

220 

,^ 

10 

Apex  of  left  vent. 

13° 

0011 

0-220 

180 

11 

..          •>        „ 

40° 

0009 

0-172 

180 

14 

Base  of  left  vent. 

41° 

0-003 

0-204 

145 

1.5 

.. 

14° 

0004 

0-280 

145 

S.B. 

2 

Miildle  of  right  vent. 

7-5° 

0003 

— 

168 

The  end  of 
could   not 
determined 

T 
be 

3 

•f         ..        ». 

47° 

0002 

0-208 

168 

4 

„          „        „ 

47° 

0009 

0-190 

168 

Control. 

6 

., 

9° 

0010 

0-190 

168 

„ 

S.O. 

8 

Apex  of  left  vent. 

12-5° 

0004 

0  235 

188 

9 

..       „ 

40° 

0004 

0  181 

188 
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TABLE  II. 

Refractory  period  of  the  ventricles.' 


Dog      

S.C. 

S.T. 

Ventricular  rate 

188 

188 

188 

220 

220 

220 

Normal. 

Temp. 
41°C. 

Temp. 
IS'C. 

Normal. 

Temp. 
41°C. 

Temp. 
13'C. 

Responses       1 

0176  m 
01 69  m 

oir.o 

0  U2  m 

0-140  m 
0-1 25  b 
0-124  b 
0118  m 

0-244  b 
0-244  b 
0  223  b 
0-217  b 

0134  m 
0  124  m 
0-116  m 
0-115  b 
0-108  m 

0-116  b 
0106  b 
0  102  b 
0-100  b 
0-096  b 

0-203  b 
0-196  b 
0-178  m 
0-177  b 
0-176  m 

No  response    ...         ...  a 

0-139  b 
0-119  b 
01 18  b 
0  116  b 

0-110  b 
0-106  b 
0-105  b 
0-086  b 

0-212  b 
0188  b 
0-180  b 

0-106  b 
0-102  b 
0-089  1> 
0080  b 

0093  b 
0  085  b 
0077  b 

0-165  b 
0-163  b 
01 59  b 
0-145  b 

Absolutely     refractory 
period 

0141 

0-114 

0-214 

0-107 

0094 

0170 

*  In   these   two   experiments  sufficient  atropin   sulphate   was  administered   to   completely 
paralyse  the  vagus.    m  =  make  and  b  =  break  shock. 
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Fig.  1.  /Jo(/ .S'.C  (record  8).  Top  plate  8.  Apex  of  left  venti-iele  cooled  to  12-5°.  The  T  wave 
is  negative  in  lead  //  and  an  upright  deflection  in  the  direct  lead.  The  R  to  intrinsic  interval 
is  0-004  of  a  second  and  tlie  intrmsic  to  end  of  T  interval  in  the  direct  lead  0-2:!r>  of  a  second. 


.  2.  Dog  6'.C'.  (record  9).  Apex  of  left  ventricle  heated  to  40'.  The  T  wave  is  a  positive  phase 
in  lead  //  and  a  negative  deflection  in  tlie  direct  lead.  The  R  to  intrinsic  inlerval  is  0004 
of  a  second  and  intrinsic  to  end  of  T  internal  in  the  direct  lead,  0182  of  a  .seconcl. 


ON    THE   CONTRACTION    OF   THE    BRANCHES    AND   TERMINAL 

RAMIFICATIONS      OF      THE      AURICULO-VENTRICULAR 

BUNDLE   IN   THE   HEART.* 


By  MAKOTO   ISHIHARA  and  SEISAKU  NOMURA. 

{From  the  Physiological  Institute  of  the  Imperial  Kyushu  University, 

Fukuoka,  Japan.) 


It  is  well  known  that  the  His  bundle  and  its  processes  serve  to  conduct 
stimuli  to  the  ventricle,  but  the  manner  in  wliich  this  conduction  occurs  has 
not  been  clear.  The  two  branches  of  the  His  bundle  ramify  in  order  to  pass 
finaUj'  in  the  form  of  Purkinje  fibres  into  the  proper  cardiac  muscle  cells. 
Some  of  the  longer  free  branches  connect  two  opposite  points  on  the  wall 
of  the  ventricle,  or  the  latter  with  the  papillary  muscles,  but  most  of  the 
shorter  ones  run  in  various  directions,  bridging  gaps  between  the  trabecule 
of  the  ventricular  wall.  AH  these  free  branches  may  be  designated  "  spurious 
tendons  "  (pseudo  fibrae  tendineae)''  ^ ""'' '.  We  have  been  able  to  show 
that  these  spurious  tendons  can  contract  in  response  to  conducted  stimuli, 
and  that  they  can  also  initiate  contractions.  The  experiments  on  wliich 
these  conclusions  rest  are  outhned  below.  It  is  here  to  be  stated  that  in  all 
experiments  a  histological  examination  of  the  tissues,  or  portions  of  tissue, 
studied  was  undertaken  by  serial  sections. 

\st  series  of  experiments.  The  isolated  heart  of  a  dog,  perfused  with 
oxygenated  Locke's  solution  continues  beating  regularly  while  the  body 
temperature  is  maintained.  By  cutting  firmly  and  carefully  through  the 
wall  in  a  longitudinal  direction,  the  cavity  of  one  ventricle  is  opened  without, 
as  a  rule,  influencing  the  normal  heart  beat,  and  thus  a  spurious  tendon  can 
be  observed  directly  under  a  microscope  of  low  power.  It  is  then  seen  that 
all,  both  long  and  short,  contract  rhythmically  with  the  heart  beat.  This 
rhythmical  contraction  can  be  more  easily  and  clearly  observed  if  the 
pressure  of  the  perfusion  is  considerably  reduced,  in  consequence  of  which 
the  two  ventricles  become  quiescent,  while  the  auricles  continue  to  beat 
regularly. 

*  Read  before  the  Xlth  International  Physiological  Congress,  Ediul)urgh,  July,  1923. 
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In  this  case  the  spurious  tendons  contract  with  the  same  rhythm  as  the 
auricles.  When  the  perfusion  is  stopjied  entirely  and  the  auricles  are  thus 
brought  to  apjiarent  rest,  it  is  seen  that  the  region  of  the  sinus  continues  to 
beat  for  some  time,  and  that  the  spurious  tendons  continue  to  contract  with 
the  same  rhythm  as  the  sinus.  All  these  observations  can  be  made  equally 
well  in  the  rabbit's  and  cat's  heart.  An  example  of  an  experiment  with  a 
dog's  heart  is  given. 

Dog,  weighing  12  kg..  The  temi)erature  of  the  perfusion  li(iuid  and  in 
the  perfusion  apjmratus  was  38-5°C..  The  left  ventricle  was  opened  and  a 
spurious  tendon  observed  directly  under  the  microscope. 


Tune  after 

Press,  of 

Frequency  per  min. 

introduction 

perfusion 

of  iieart 

liquid 

Spurious 

into  apparatus. 

in  mm.  Hg.. 

Auricle. 

Ventricle. 

tendons. 

Hrs. 

Mins. 



0 

90 

82  regular 

82  regular 

82  regular 



10 

90 

84 

84 

8t 

. 

20 

90 

84 

84 

84 

— 

30 

90 

84 

84 

84 

. 

40 

15 

87 

cessation 

87 

— 

50 

15 

87 

„ 

87 

1 

0 

15 

90 

,, 

90 

1 

10 

15 

95 

" 

95 

1 

20 

95 

101 

101  regular 

101 

1 

30 

95 

10.5  irregular 

105  irregular 

105  irregular 

1 

40 

95 

110 

110 

110 

A  few  of  these  spurious  tendons  were  subsequently  examined  histo- 
logically and  found  to  contain  no  ordinary  ventricular  muscle  fibres,  but 
fibres  of  primitive  type  only. 

If  a  longer  spurious  tendon  in  a  surviving  dog's  heart  is  connected  with 
a  string  galvanometer  by  means  of  two  non-polarisable  electrodes  it  will 
invariably  be  found  that  the  centrally  situated  contact  becomes  negative 
first.  If  the  fibre  is  cut  as  near  its  central  attachment  as  possible  and  an 
electrical  stimulation  is  apphed  at  the  central  end,  a  contraction  wave  can 
be  seen  to  proceed  peripherally  and  to  cause  a  weak  extra-systole  in  the 
appropriate  ventricle  wall.  If  the  spurious  tendon  is  tightly  ligatured 
perii^herally  near  the  ventricle  wall,  this  extra-systole  does  not  appear  unless 
the  stimulus  be  very  strong,  in  which  case  it  is  presumed  that  current  has 
escaped  to  the  ventricular  muscle.  Experiments  very  similar  to  the  last, 
in  which  tendons  have  been  stimulated,  have  been  reported  by  Erlanger,  and 
our  findings  are  the  same^. 

The  contraction  wave  can  ahso  proceed  centrally  when  the  stimulus  is 
peripheral. 
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Since  the  spurious  tendons  are  similar  in  structure  to  the  His  bundle  and 
its  two  divisions  and  consist  chiefly  of  primitive  muscle  cells,  these  obser- 
vations point  to  the  conclusion  that  all  these  structures  are  involved  by  a 
contraction  process  during  the  passage  of  a  normal  stimulus  from  auricle 
to  ventricle. 

2)1(1  series  of  experiments.  If  the  His  bundle  is  completely  severed  in 
the  survi\ing  dog's  heart,  automatic  ventricular  beating  sets  in,  and  the 
spurious  tendons  beat  independently  of  the  aui'ieles  and  with  the  same 
rhythm  as  the  ventricles.  If  the  ventricle  is  brought  to  rest  bj^  I'eduction 
of  the  pressure  of  the  perfusion  liquid  or  by  adding  pilocarpine  to  the  per- 
fusion fluid,  the  rhythm  of  the  spurious  tendon  fibres  remains  unchanged. 
By  restoring  the  pressure  of  perfusion  or  by  adding  atropine  to  the  perfusion 
fluid,  respectively,  the  ventricle  can  be  brought  to  beat  again  with  the 
rhythm  of  the  spurious  tendons. 

The  follo\^ing  experiment  serves  as  an  example. 

Dog  weigliing  11kg..  The  temperature  of  the  Locke's  solution  and  in 
the  apparatus  was  38-o°C.,  and  the  pressure  of  perfusion  90  mm.  Hg..  The 
left  ventricle  was  opened,  and  the  ventricle  and  spurious  tendons  found 
to  be  beating  at  85  per  minute.  The  bundle  of  His  was  then  severed  ;  as  a 
result  a  rapid  irregular  rhythm  developed  and  lasted  for  1  minute  ;  the 
heart  then  beat  regularh%  both  the  ventiicle  and  the  spurious  tendons 
having  a  rate  of  78  per  minute. 

1-5  cc.  of  10  per  cent,  pilocarpine  in  Locke  solution  was  now  introduced 
into  the  perfusion  directly  into  the  cannula. 

5  minutes  later  the  ventricle  stood  still  while  the  spurious  tendons 
continued  to  beat  regularly  at  78  per  minute. 

After  another  15  minutes  2-0  cc.  of  10  per  cent,  atropine  in  Locke's 
solution  was  injected.  10  minutes  later  the  ventricle  began  to  beat,  at  first 
irregularly  and  then  regularlj'.  Ventricle  as  well  as  spurious  tendons  beat 
in  the  same  rhythm  at  78  per  minute. 

A  few  of  the  sj^urious  tendons  were  subsequently  examined  histologically 
and  were  found  to  contain  only  jnimitive  muscle  cells. 

The  same  result  can  be  obtained  after  section  of  both  branches  of  the 
His  bundle.  From  these  experiments  the  conclusion  may  be  drawTi  that 
the  branches  of  the  His  bundle^  with  their  peripheral  ramifications  are 
callable  of  originating  impulses. 

3rd  series  of  experiments.  This  automatic  propertj'  can  be  shown, 
moreover,  in  isolated  spurious  tendons.  If  such  tendons  are  placed  in 
oxj^genated  Locke's  solution  and  kept  at  body  temperature,  they  can  be 
seen  to  beat  rhythmically  for  periods  up  to  10  hours.  At  room  temperature, 
however,  the  duration  of  such  automatic  movement  is  seldom  more  than 
10  or  20  minutes.     Usualh"  the  beating  is  to  be  seen  as  soon  as  the  tendon 
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is  placed  under  the  microscope,  though  the  beats  at  first  may  be  feeble  ;  they 
become  stronger.    In  other  cases  the  beats  are  strong  from  the  beginning. 

The  following  experiment  serves  as  an  exami^le. 

Dog,  of  12  kg..  A  spurious  tendon  of  length  1-2  cm.  was  taken  from 
the  left  ventricle  and  placed  in  oxygen-saturated  Locke's  solution  at 
38-5°C.  and  the  rhythm  of  the  spontaneous  beats  counted  imder  the 
microscope  over  a  period  of  30  minutes. 


Frequency  per  minute. 


His 

Mins. 

0 
1 
1 

30 

0 

30 

83 
83 
83 

regular 

2 

0 

79 

2 

30 

76 

3 

0 

76 
76 
76 

(i 

:io 

Loi-ko's  solution  renewed. 

7G 

7 

0 

80 

7 

30 

82 

8 

0 

Observ'iit  ions  interrupted. 

82 

10 

30 

92 

somewliat  irregular 

11 

0 

92 

" 

Examined  subsequently  histologically,  the  spurious  tendon  was  found 
to  contain  primitive  muscle  cells  only. 

^th  series  of  exjieriments.  If  a  spurious  tendon  is  removed  together  with 
a  small  piece  of  the  ventricular  wall  and  stimulated  with  a  single  induction 
shock,  the  piece  can  be  seen  to  contract  under  the  microscope.  This  is  the 
more  evident,  the  less  there  is  of  true  heart  muscle  present.  Curiously  enough 
the  movement  is  most  conspicuous  at  the  thin  transparent  edge  of  the  piece 
where  the  heart  muscle  is  absent. 

If  a  tliin  piece  of  the  inner  surface  of  the  ventricle  be  removed  and 
placed  in  warm  oxygenated  Locke's  solution,  it  can  be  seen  under  the 
microscope  to  contract  rhythmicalh^  which  contraction  is  the  more  con- 
spicuous the  less  there  is  of  actual  heart  muscle  present.  Presumably,  in 
this  exi^eriment,  the  attached  ventricular  muscle  does  not  respond  to  the 
rhythmic  beating,  but  increases  the  resistance  to  contraction  of  the  tissue 
wliich  is  active.  The  amount  of  muscle  present  was  demonstrated  histo- 
logically in  each  case.  Small  pieces  of  heart  muscle  used  as  controls  either 
do  not  contract  at  all  or  do  so  only  feebly,  ceasing  to  beat  after  a  few 
minutes. 

Thus  the  Pin-kinje  cells  which  lie  directly  under  the  endocardium  and 
not  those  of  the  heart  muscle  itself  appear  in  this  class  of  experiment  to  be 
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responsible  for  the  rhythmic  contraclioii.s.  An  old  assertion  of  KoUiker's'' 
on  the  contraetiUty  of  the  endocardium  is  {irobably  to  be  interpreted  in  this 
sense. 

From  the  four  series  of  experiments  dealt  with  above  it  is  possible  to 
conclude  that  in  the  transmission  of  stimuli  the  whole  system,  including  its 
terminal  ramifications,  contracts,  and  that  in  a  normal  heart  beat  a  wave  of 
contraction  j^asses  from  the  auricle  to  the  ventricle  by  way  of  the  primitive 
muscle  cells  of  this  system.  It  is  thus  unnecessary  to  assume  a  nervous 
mechanism  for  auriculo-ventricular  conduction.  Similarly  it  is  correct  to 
assume  that  this  system  has  automatic  properties.  The  histological  examina- 
tion of  all  the  spurious  tendons  (dog  and  rabbit)  used  in  the  experiments 
reveals  the  fact  that  these  consist  specifically  of  primitive  muscle  cells,  as 
in  the  His  bundle  and  its  branches,  and  that  wliile  they  contain  nerve  fibres 
neither  nerve  cells  nor  nerve  trunks  are  present.  The  presence  of  true  heart 
muscle  cells  is  very  rare  in  these  false  tendons.  It  is  clear,  therefore,  that  the 
tissue  elements  of  the  system  which  possess  automatic  properties  are  the 
primitive  muscle  cells. 

An  interesting  discovery  made  l)y  Dr.  Seizo  Katsunuma'  may  be  here 
referred  to,  namely,  that  the  muscle  cells  not  only  of  the  sinus  node  but 
also  the  primitive  muscle  cells  of  the  entire  systena  of  the  auriculo-ventricular 
bundle  (from  the  A-V  node  to  the  terminal  ramifications)  are  incomparably 
richer  in  indojihenol  oxydase  than  the  actual  cardiac  muscle  cells,  a  fact 
which  is  in  perfect  harmony  with  the  above-mentioned  vigorous  activity 
of  the  former. 
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THE  INFLUENCE   OF  VAGAL  STIMULATION  UPON  THE   FORCE 

OF     CONTRACTION,      AND     THE     REFRACTORY     PERIOD      OF 

VENTRICULAR   HIUSCLE   IN   THE   DOG'S   HEART.* 

By  ALAN   N.   DRURY.f 
(Cardiac  Department  University  College   Hospital  Medical  School,   London.) 

Many  observers  have  studied  the  influence  of  vagal  stimulation  upon  the 
contraction  force  of  ventricular  muscle  in  the  mammalian  heart  by 
myocardiograpliic  methods.  Mc\AiIliam''  considered  that  it  exercised  a 
definite  control  on  the  contraction  force.  Roy  and  Adami'^  and  BayUss  and 
StarUngi  came  to  the  conclusion  that  vagal  stimulation  had  no  depressant 
action  on  ventricular  muscle  ;  while  Knoll,*  Henderson  and  Barringer,'- 
found  that  under  moderate  vagal  stimulation  which  slowed  the  cardiac  rate 
but  little,  the  contraction  force  was  augmented  ;  a  result  explained  not 
on  any  alteration  of  contraction  force,  but  on  the  change  of  rate. 

On  account  of  the  various  types  of  myocardiographs  used,  and  the 
diversity  of  the  results  obtained,  it  seemed  desirable  to  test  a  myocardiograph 
of  the  Cushny  type  as  an  index  of  the  force  of  muscular  contraction  and  to 
decide  the  conditions  which  must  be  fulfilled  in  order  that  successive 
myograms  may  be  compared  without  fear  of  error.  One  of  the  concUtions 
necessarj%  as  many  workers  have  pointed  out,  is  that  the  heart  rate  should 
remain  unchanged  ;  for  a  retarded  rate  by  allowing  a  more  complete 
recovery  of  the  muscle  will  give  rise  to  a  stronger  contraction,  unless  tliis 
slowing  be  so  great  as  to  allow  an  over-filhng  of  the  heart  with  consequent 
over-distension  of  the  ventricular  muscle,  when  the  contraction  is  weakened.  J 
There  are,  however,  other  factors  which  must  enter  into  consideration. 

It  is  well  known  that  vagal  stimulation,  besides  .slowing  the  rate  of 
beating  of  the  whole  heart,  from  time  to  time  modifies  the  course  of  an 

*  The  dogs  used  in  these  e.vperiments  were  fully  anaestlietiseJ  with  morpliia,  followed  by 
paraldehyde  or  chloretone  with,  if  necessary,  a  sufficiency  of  ether. 

t  Working  on  behalf  of  the  Meilieal  Research  Council. 

%  Cur\-es  wliich  were  interpreted  by  McWUliam  as  indicative  of  a  weaker  force  of  contraction 
have  been  criticised  by  Roy  and  Adami  from  this  point  of  view. 
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excitation  wave  transmitted  from  the  auricle  to  ventricle,  thereby  producing 
one  or  more  abnormal  ventricular  contractions  ;  while  if  its  action  is  more 
intense,  the  excitation  wave  is  blocked,  and  the  ventricle  responds  to  inherent 
stimuli,  let  loose  in  different  regions.  In  either  case  the  sequence  of  fibre 
contraction  in  the  ventricle  is  modified. 

A  Cushny  myocardiograph,  like  many  others,  records  the  variation  in 
the  length  of  a  strip  of  muscle  interjjosed  between  two  fixed  points,  but  the 
record  is  influenced  by  the  direction  of  the  muscle  fibres  relative  to  the  points 
of  the  instrument's  attachment.  Fibres  wliich  run  across,  as  opposed  to 
those  wliich  run  in  the  length  of  the  instrument,  will  not  produce  shortening 
in  the  strip  but  will  tend  to  lengthen  it.*  Change  in  the  strip's  length  is  a 
resultant  of  contractions  in  fibres  running  in  several  or  many  ilirections  and 
is  influenced  also  by  contraction  of  the  surrounding  ventricular  muscle  ;  the 
excursion  obtained  dejjends  therefore  upon  several  factors  and  not  least,  as 
will  be  shown,  upon  the  sequence  in  which  the  various  muscle  elements 
contract. 

The  influence  of  sequence  of  fibre  contraction  upon  the  myogram  can 
be  shown  best  by  rhythmic  stimulation  of  the  heart  at  a  fixed  rate  from 
various  regions  of  the  ventricular  muscle.  Tliis  has  been  done  in  a  number 
of  animals,  the  rhythmic  break  shocks  being  thrown  into  the  muscle  at 
various  points  by  means  of  fish-hook  electrodes  at  a  rate  shghtly  exceeding 
that  of  the  normal  heart  beat.  The  stimulating  circuit  from  the  secondary 
coil  was  tUvided  into  two  Hmbs  and  a  switch-over  kej'  inserted,  so  that  by 
connecting  the  two  hmbs  to  two  stimulating  electrodes  the  stimulus  could 
be  passed  into  either  electrode  at  will.  One  limb  of  the  stimulating  circuit 
was  connected  -with  a  fish-hook  electrode  throughout  the  experiment,  and 
the  other  limb  connected  to  the  various  points  in  turn,  and  the  resultant 
myograms  comjjared  with  the  standard  mj^ogram. 

The  myocardiograph  was  sewn,  in  the  usual  manner,  into  the  epicardium 
of  the  right  ventricular  muscle,  about  midway  between  base  and  apex  and 
at  right  angles  to  the  axis  of  the  heart,  a  position  being  chosen  which  gave 
a  good  shortening  of  the  mu.scle  between  the  swinging  arms.  The  record  of 
shortening  was  obtained  in  the  earlier  exiJeriments  by  transmitting  the 
movements  of  the  swinging  arms  of  a  Cushnj^  myocardiograph  to  a  light 
spring  lever  fixed  in  front  of  the  camera  by  means  of  a  fine  thread.  In  later 
experiments  an  optical  recorder  was  used.      A  small  m3'ocardiograph  was 

*  On  examining  impublished  records  taken  in  this  laboratory  by  means  of  the  polymy- 
ograph^,  of  normal  ventricular  contraction,  in  which  movements  of  a  line  of  points  on  the 
ventricular  surface,  relative  to  each  other,  are  recorded,  it  is  seen  on  occasions  that  while  certain 
adjacent  points  are  definitely  approximated,  others  are  not.  Although  contraction  is  occurring 
over  the  whole  muscle  strip  on  wliich  the  points  lie,  some  points  adjacent  to  eaclx  other  retain 
their  relative  position  in  systole,  while  others  actually  move  apart,  especially  is  this  the  case  if  no 
artificial  tension  is  placed  on  the  muscle.  No  myograms  were  oljtained  in  this  series  which  showed 
slight  or  reversed  movement,  hut  tlio  position  and  tension  of  the  myocardiograph  was  specially 
chosen  to  obtain  myograms  of  good  amplitude.  If  the  position  and  tension  be  less  carefully 
chosen,  myogi'ams  of  slight  amplituile  or  reversed  moveuient  would  be  expected  on  occasions. 
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used,*  between  the  swinging  aims  of  wliich  a  small  tambour  was  interposed, 
the  movements  of  this  tambour  being  transmitted  by  air  to  a  Franks  capsule. 
The  arterial  pressure  was  recorded  by  a  Hiirthle  manometer  connected  with 
the  left  carotid  artery.  A  simultaneous  electrocardiogram  was  obtained  by 
lead  //. 

A  series  of  such  records  was  obtained  from  six  dogs.  The  records  showed 
that  the  myograms  from  a  constant  part  of  the  ventricular  wall  presented 
material  changes  in  both  form  and  amphtude  on  changing  the  point 
stimulated.  The  shape  of  the  curve  maintained  in  general  its  usual  jilateau 
form,  but  variations  in  the  rate  at  which  the  upstroke  or  the  downstroke  was 
written,  and  the  presence  of  deep  notches  in  one  or  other  hmb,  gave  rise  to 
many  different  forms.  The  amphtude  of  the  curve  varied  considerably,  and 
records  were  often  obtained  in  which,  upon  changing  the  position  of  rhythmic 
stimulation,  it  was  reduced  by  one  tliird  or  more.  The  original  form  and 
amphtude  always  returned  when  the  stimuli  were  transferred  again  to  the 
original  point. 

In  Figs.  1,  2  and  3,  the  amphtude  of  the  myogram  is  seen  to  decrease 
upon  changing  the  position  of  the  stimulating  current,  wliile  a  comjiarison 
of  the  beginning  of  Figs.  1  and  2  (records  which  were  taken  mtliin  a  moment 
of  one  another)  shows  the  return  of  the  myogram  to  its  original  form  when  the 
first  point  of  stimulation  is  again  used.  Myograms  of  changed  form  and 
amplitude  are  therefore  readily  obtained  when  the  position  of  stimulation 
is  changed.  Under  these  circumstances,  the  changed  amplitude  does  not 
indicate  an  altered  force  of  contraction,  for  the  rate  of  beating  has  been 
maintained  constant  throughout,  and  the  condition  of  the  ventricular  muscle 
has  remained  unchanged.  It  is  to  be  ascribed  to  the  altered  sequence  of 
fibre  contraction.  The  arterial  curve  shows  only  minor  variations  throughout 
the  records.  In  Fig.  1,  for  instance,  the  arterial  curve  is  immechately  lowered 
a  httle  when  the  electrodes  are  changed,  incUcating  a  lowered  arterial 
pressure,  the  myogram  being  smaller  at  the  same  time.  On  the  other  hand, 
in  Fig.  2  the  arterial  curve  is  seen  to  rise  sUghtly  after  the  change  ;  it 
occurs,  not  on  the  first  beat,"}"  but  at  the  second  beat  following  movement  of 
the  reversing  key  ;  this  arterial  rise  is  also  associated  with  a  smaller  myogram. 
The  same  conditions  are  found  less  conspicuously  in  Fig.  3.  8uch  arterial 
changes  are  often  seen,  but  no  constant  relationshiii  exists  between  the 
change  in  amphtude  of  the  myogram  and  of  the  arterial  record.  They  add 
further  evidence  that  the  amphtude  of  the  myogram  is  not  a  true  index  of 
the  force  of  ventricular  contraction.  They  are  expressions  of  altered  sequence 
of  contraction  which  gives  rise  to  less  or  more  efficient  heart  beats. 

The  electrocardiograph  records  the  usual  forms  of  curve  associated  with 
ventricular  extra-systoles  hberated  from  the  various  points  stimulated. 

*  Similar  in  design  to  that  described  by  Wiggers.' 

t  The  first  beat  is  hberated  in  tlie  body  of  the  left  ventricle,  and  follows  on  a  beat  which  lias 
spread  from  tlie  right  ventricle  ;  it  is,  therefore,  relatively  premature  in  the  left  ventricle,  and 
consequently  gives  rise  to  a  smaller  arterial  cur\-e. 
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The  influence  of  vagal  stimulation  upon  the  force  of  contraction.  It  is  now 
evident  that  ventricular  myograms  are  only  comj^arable  provided  that  the 
rate  of  beating  is  maintained  constant  and  that  the  sequence  of  the  ventricular 
contraction  is  unchanged  ;  if  these  conditions  are  fulfilled  by  stimulating 
at  a  fixed  point  over  periods  during  which  the  vagi  are  stimulated,  the 
influence  of  such  stimulation  upon  the  force  of  contraction  can  be  investigated 
Avithout  fear  of  error. 

In  such  circumstances  the  electrocardiograms  remain  constant  in  form, 
and  conduction  from  point  to  point  remains  unaltered  over  the  period  during 
which  the  vagi  are  stimulated,  as  the  following  observations  show.  Such 
ditferences  as  ajDpear  in  the  transmission  intervals  are  no  more  than  may  be 
accounted  for  by  error  in  measurement. 


TARLE  I. 

Infhtencc  of  vagal  stimulation  upon  rate  of  conduction  in  left  ventricular  muscle. 


Rate. 

Electrode 
distance. 

Transmission  times  in 

sees. 

Dog. 

Normal. 

Right 

vagus. 

1-eft 
vagus. 

P.R 

17.5 
175 

13  mm. 
13  mm. 

0034 
0033 

0033 

0037 
0035 

P.S 

210 
210 

0  mm. 
6  mm. 

0013 
0013 

0013 
0012 

0013 
0013 

P.T 

260 

6  mm. 

0012 

0012 

0012 

P.U 

210 

8  mm. 

0035 

0038 

0036 

Many  myograms  were  obtained,  some  recorded  with  the  spring  lever, 
others  optically,  of  the  ventricular  contractions,  beating  at  a  constant  rate 
of  usually  about  160-200  per  minute  both  before  and  during  vagal  stimulation, 
in  six  dogs.     The  vagi  were  tested  separately  in  each  instance. 

Fig.  4  (Dog  Q.X.,  record  14)  is  an  example  of  such  a  record,  the 
ventricle  being  rhythmically  driven  at  a  point  to  the  right  of  the  arms 
of  the  myocardiograph,  which  was  fixed  at  right  angles  to  the  axis  of  the  heart, 
in  the  body  of  the  right  ventricle.  The  myogram  has  been  optically  recorded, 
and  maintains  its  form  and  height  absolutely  unchanged  throughout  the 
record.  For  the  first  four  beats,  the  R  wave  of  the  electrocardiographic 
record  is  followed  by  an  abnormal  auricular  complex  P  ;  on  the  fourth  beat 
the  right  vagus  is  strongly  stimulated  (sufficient  to  completely  arrest  the 
normally  beating  heart  a  moment  later),  and  complete  block  is  produced 
between  ventricle  and  auricle  and  the  auricular  complex  is  lost.  The  arterial 
curve  shows  a  slight  and  progressive  rise  throughout  the  period  of  vagal 
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stimulation.*  Similar  negative  results  in  the  myogram  were  seen  on 
stimulating  the  left  vagus  nerve.  No  records  have  been  obtained  Avhich 
showed  any  variation  in  the  myogram  during  vagal  stimulation  ;  from  this 
it  can  be  concluded  that  such  stimulation  has  no  effect  upon  the  force  of 
ventricular  contraction. 

The  influence  of  vagal  slimulation  upon  the  refractory  period. 

The  refractory  period  of  ventricular  muscle  was  tested  in  a  large  series 
of  dogs,  both  before  and  during  stimulation  of  both  vagi  separately.  The 
ventricle  was  driven  by  means  of  rhj-thmic  break  shocks  sent  in  through 
fish-hook  electrodes  embedded  in  the  muscle  of  the  right  or  left  ventricle, 
and  the  refractory  period  tested,  in  a  manner  previouslj'  described  in  detail-^. 
In  the  following  table  the  values  are  tabulated  for  a  series  of  15  dogs,  the 
ventricular  rate  of  beating  varjing  from  136-218  per  minute  in  the  different 
dogs.  Table  II,  in  wliich  the  reacUngs  are  tabulated,  show  that,  in  contra- 
distinction to  its  effects  upon  the  auricle,  vagal  stimulation  does  not  shorten 
the  ventricular  refractorj^  period  ;  on  the  other  hand,  there  is  a  tendency  for 
the  period  to  become  prolonged  under  vagal  stimulation.  Tliis  does  not 
occur  in  all  the  experiments,  and  when  present  amounts  rarely  to  more  than 
0-02  of  a  second.  As  this  rise  is  a  small  one,  and  does  not  invariably  occur, 
it  is  not,  perhaps,  to  be  emphasised,  but  the  table  clearly  shows  that  imder 
vagal  stimulation  the  refractory  period  does  not  shorten.  Possibly  such  slight 
lengthening  as  occurs  is  iiroduced  by  the  shght  rise  of  arterial  pressures 
described  as  accompanjing  the  reaction. 

Comment. 

It  has  been  shown  that  the  ventricular  myocardiogram  cannot  be  used 
to  compare  the  strength  of  fibre  contraction  from  beat  to  beat,  unless  two 
factors  are  known  to  be  constant.  The  first  is  the  rate  at  which  the  ventricle 
is  beating,  and  the  second  is  the  sequence  of  fibre  contraction.  In  previously 
pubhshed  observations,  deahng  with  the  influence  of  vagal  stimulation 
upon  the  force  of  ventricular  contraction,  the  naturallj^  beating  heart  has 
been  used,  and  the  heart  rate  has  slowed  during  the  period  of  vagal  stimu- 
lation ;  the  influence  wliich  slowing  may  exert  upon  the  resultant  curves 
has  been  recognised  by  previous  workers,  who  have  attempted  to  make 
allowances  for  it.  It  is  questionable  if  such  allowances  can  be  fairly  made. 
The  second  factor,  namely,  possible  change  of  sequence  of  fibre  contraction 
has  been  neglected.  That  such  change  of  sequence  frequently  occurs  under 
vagal  stimulation  is  well  known  ;  that  it  materially  aft'ects  the  resultant 
curves  is  now  shown.     It  is  suggested  that  in  instances  from  past  records 

*  This  rise  is  seen  in  practically  all  the  curves  during  vagal  stimulation.  It  does  not  pass 
away  till  10-1.5  beats  have  elapsed  after  vagal  stimulation  is  withdrawn.  Its  meaning  is  at  present 
unknown,  but  it  is  presumably  non-cardiac  in  origin. 
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The  influence  oj  vagal  stimulation  upon  the  refractory  period  of  ventricle.* 


Dog      ... 

P.P.,  B.  ventricle. 

P.Q.,  L.  ventricle. 

P.R 

.,  L.  ventricle. 

Bate    ... 

136 

135 

136 

210 

210 

210 

174 

172 

174 

Normal. t 

R.  vagus. 

L.  vagus. 

Normal. t 

R.  vagus. 

L.  vagus. 

Normal.t 

R.  vagus. 

L.  vagus. 

0-238 

0-226 

0-213 

0-270 

0-237 

0-178 

0-201 

0-200 

0-234 

0-218 

0192 

0-260 

0-317 

0-174 

0-190 

0-226 

0-185 

0-222 

0-214 

0189 

0-249 

0-216 

0-171 

0-185 

0-204 

0-176 

0-209 

0-212 

0182 

0-229 

0-212 

0-165 

0-179 

0-198 

0-172 

0-206 

0-208 

0-177 

0-225 

0-210 

(1-163 

0-176 

0-198 

0-167 

0-202 

0-186 

0-175 

0-216 

0-204 

0-161 

0173 

0-192 

0-163 

0-1 79m 

0-174 

0-164 

0-106 

0-1K6 

0-160 

0-172 

0-167 

0-156 

0-178 

0-171 

0-lr>2 

0-179 

0-181 

0-156 

0  164 

0-1.58 

0-150 

11-174 

0-157 

0-137 

010!) 

0-167 

0-149 

0161 

0-134 

0-145 

0-172 

0-MS 

0-135 

0-169 

0-152 

0-139 

0-169 

0129 

0-142 

0-160 

0-143 

0-)3U 

0-146 

0-132 

0-1.51 

0-121 

0-135 

0-154 

0-140 
0-139 

Dog      ... 

P.S 

,  L.  venti 

icle. 

P.T 

, L.  vent 

icle. 

P.  u 

,  L.  ventricle. 

Bate    ... 

210 

210 

210 

210 

210 

210 

210 

210 

Normal. t 

R.  vagus 

L.  vagus. 

Normal. t 

R.  vagus. 

L.  vagus. 

Normal.t 

L  vagus. 

0-169 

0-163 

0-200 

0-198 

0-202 

0168 

0-163 

0-152 

0-188 

0-184 

0-197 

0-176 

0-163 

0-161 

0-142 

0163 

0187 

0-177 

0-194 

0-167 

0-160 

0153 

0-13J 

0154 

0-185 

0-172 

0-188 

0-162 

0-160 

0-143 

0-132 

0-149 

0-178 

0-165 

0-I8I3 

0-1.59 

0-156 

0-141 

0-128 

0-140 

0-172 

0-160 

0-178 

0-144 

0-154 

0-138m 

0123 

0-138 

0-153 

0-150 

0174 

0-137 

0141 

0-136 

0116 

0-130 

0-151 

0146 

0-171 

0130 

0-138 

0-13.5 

0-104 

0117 

0-14-2 

0-14-2 

O-l.'iS 

0-129 

0-135 

0-135 

OiOO 

0-116 

0-133 

0-135 

0-154 

0-1-22 

0-132 

0-124 

0-092 

0-111 

0-137 

0-130 

Ol.iO 

0-118 

0-130 

0113 

0-080 

0-098 

0-127 

*  Figures  liigher  than  those  taljulated  in\-ariably  gave  responses,  -wliile  those  lower  invariably 
failed.  Break  shocks  have  alone  been  tabulated,  except  m  certain  experiments  -vvlien  the  make 
shocks  are  inchided,  they  are  marked  m.  The  strength  of  the  testing  shock  was  uljoiit  10  times 
above  threshold  value. 

t  Vagi  cut. 
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TABLE    11 — continued. 


Dog      ... 

P.V 

,  L. 

ventricle. 

P.Y.,h. 

ventricle. 

Q.D. 

L.  ventricle. 

Bate    ... 

210 

210           210 

215     i       215 

215 

212 

212            212 

Normal.t 

R. vagus.*  L. vagus.* 

Normal.t 

R.  vagus.* 

L.  vagus.* 

Normal.t 

R.  vagus.*  L.  vagus.* 

0-163 

0-158 

0-142 

0-151 

0-162 

0140 

0-168 

0-177 

0-154 

0136 

0-145 

0-159 

0-138 

0-149 

0-164 

0-164 

0-152 

0129 

0-142 

0-158 

0-129 

0-134 

0-137 

0-155 

0-162 

0-140 

01 26 

0-139 

0-143 

0123 

0-130 

0-123 

0-152 

0-162 

0-146 

0123 

0-137 

0-142 

0-120 

0-125 

0-119 

0-148 

0-159 

0-143 

0)19 

0-126 

0-136 

0115 

0118 

0-110 

0-130 

0-150 

0-137 

C-112 

0-125 

0-124 

0-096 

0117 

0-112 

0-125 

0-144 

0-134 

0-111 

0-117 

0-121 

0-095 

0-107 

0-108 

0-1-23 

(1-142       1       0-131 

O-OvS 

0-110 

0-119 

0-094 

0-106 

0-107 

01-20 

0137              0-129 

0-092 

0101 

0-102 

0-089 

0-118 

0-1 23 

0031 

Dog      ... 

Q.  E.,  L.  ventricle. 

Q.F.,  L.  ventricle. 

Q.  G.,  L.  ventricle. 

Kate    ... 

200 

200     1       200 

171     i        171 

218 

218            218 

Normal.t 

R.  vagus.     L.  vagus. 

Normal.t 

R.  vagus. 

L.  vagus. 

Normal.t 

R.  vagus      L. vagus. 

0-200 

0169 

0-211 

0-195 

0-196 

0196 

0-211 

0-157 

0-168 

0194 

0-182 

0-183 

0-194 

0-200 

0148 

0-155 

0152 

0-162 

0-187 

0-180 

0-180 

0-iao 

0-197 

0-140 

0-153 

0-145 

0-155 

0-172 

0-177 

0175 

o-iso 

0-196 

0-137 

0-149m 

0-141 

0-152 

0-169 
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Dog      ... 

Q.J.,  L.  ventricle. 
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0-178 
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*  Ventricle  not  brought  to  standstill  upon  vagal  stimulation. 
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where  decreased  amplitude  of  the  myogram  under  vagal  stimulation  is  appar- 
ently not  to  be  explained  on  the  ground  of  altered  heart  rate,  altered  sequence 
of  fibre  contraction  has  been  responsible.  When  both  rate  and  sequence  of 
fibre  contraction  are  maintained  constant,  change  in  the  force  of  the 
ventricular  contraction,  as  evidenced  by  the  myocardiograpliic  curve,  under 
vagal  stimulation  is  not  seen.  It  is  concluded,  therefore,  that  the  vagus 
has  no  effect  on  the  contraction  force  of  the  ventricle  ;  and  this  conclusion 
is  supported  by  the  further  observation  that  vagal  stimulation  has  no 
shortening  effect  on  the  refractory  period  of  the  ventricular  muscle. 


Conclusion. 

Vagal  stimulation  (right  and  left)  in  the  dog  has  no  influence  on  the 
force  of  the  ventricular  contraction.  It  does  not  shorten  the  refractory 
period  of  the  muscle  as  it  does  in  the  case  of  the  auricle. 
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1  (xS).  Dog  Q.N.  (record  19).  Fig.  2.  Do;/  Q.N.  {record  22  x|).  Myograms  of  the  rii;lit 
\eiitrifle  associated  with  rhytlimic  beats  liberated  from  different  points  of  tlie  ventricle.  The 
position  of  tlie  myocardiograph  is  shown  in  the  sketch  as  a  black  line,  lind  the  position 
of  tlie  stimulating  electrodes  is  indicated.  Tlie  position  at  which  the  stimulating  current 
was  changed  is  shown  by  an  arrow.  V.M.  =  ventricular  myogi-am.  Cnrolid.  Record 
obtained  with  a  Hiirthle's  manometer.  / /.  Lead  II,  electrocardiographic  record. 
.S'  =  rlivthmic  stimuli.     R  =  ventricular  complex.      P  =  auricular  complex. 
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Y/r. 


r/i* 

-'-- 

\y^ 

.^Mwrn^v 


,  :!.  I>..,j  U.A.  frrrui<l  14.  ■  .j).  MyouTiiins  (if  the  right  ventricle  ;:ssoriate.l  witli  rlivtliinii- 
beats  liberated  from  rliffereiit  points  of  the  ventricle.  The  position  of  tlie  myocardiogi'apli 
is  sho\n\  in  the  sketch  as  a  black  line,  and  the  position  of  the  stimulating  electrodes  is 
indicated.    Tlie  position  at  which  the  stimnlating  current  vras  changed  is  shown  by  an  arrow. 

V.M  =  ventricular   myogram.      Cnrotkl.      Record   obtained   witli   a   Hiirthles   manometer. 

II.  Lead  //,  electrocardiographic  lecord.  i'''  =  rhythmic  stimuli.  /."= ventricular  couiplex. 
P=auricular  complex. 


v.n 

" 

I  j  (  I  '  ' 

"V",                        

■   '  '  I  k  l 

.  4:.  Voy  I!.X.  (reuu.il  ."*,  X  ,';).  Inlluciicu  ul  Viigal  btiiuiil.:;iou  ujjuu  ihc  iij\u-,ia;u  oi  the 
right  ventricle.  The  myocardiograph  lay  at  right  angles  to  the  axis  of  the  heart,  mid- way 
between  base  and  apex  of  tlie  right  ventricle.  The  stimidating  electrodes  were  fixed  in  the 
body  of  the  ventricle  to  the  right  of  tlie  myocardiograph.  Description  of  lettering  as  in 
previous  figiu'e. 
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SIR   WILLIAM   MADDOCK   BAYLISS,   M.A.,   LL.D.,   D.Sc,    F.R.S. 

Professor  of  General  Physiology,   University  College,  London. 

The  death  on  August  27th,  1924,  at  the  age  of  64,  of  WiUiam  Maddock 
BayUss  closed  a  career  of  single-minded  devotion  to  physiology  as  a  subject  of 
pure  research,  and  of  world-wide  influence  on  its  development  as  an  exact 
science.  During  his  later  years  his  predominant  interest  was  the  physico- 
chemical  basis  of  vital  phenomena,  but  he  made,  by  himself  and  in  collabora- 
tion with  others,  many  contributions  of  the  greatest  importance  to  the 
physiology  of  the  circxilation. 

Born  in  1860,  as  the  only  son  of  a  Wolverhampton  iron  manufacturer, 
BayUss  was  happily  free  to  foUow  the  natural  bent  of  his  genius.  A  business 
career  proving  imattractive,  he  became  a  student  of  medicine,  and,  after  a 
period  of  old-fashioned  apprenticeship,  entered  University  College,  London, 
in  1881.  He  was  destined  to  remain  associated  with  that  foundation,  and 
with  its  School  of  Physiology,  for  the  whole  of  his  scientific  career.  He  soon 
feU  under  the  spell  of  Burdon  Sanderson,  and  his  interest,  though  its  range 
was  unusually  wide  and  grew  with  the  years,  became  centred  on  physiology. 
While  still  in  the  early  stages  of  a.  medical  curriculum,  which  he  never 
completed,  he  is  found  co-operating  with  J.  Rose  Bradford  in  an  investigation 
of  the  electromotive  phenomena  accompanying  secretion.  Burdon  Sanderson 
had  by  this  time  left  London  for  the  chair  of  physiology  at  Oxford,  being 
succeeded  by  Schafer.  In  1885  Bayhss  entered  Oxford  as  a  student  at 
Wadham  College.  After  three  years,  having  taken  an  honours  degree  in 
physiology,  he  returned  to  University  CoUege,  London,  and  remained  there, 
actively  engaged  in  physiological  research,  until  his  final  ilhaess. 

With  the  return  to  London  BayUss  entered  upon  a  series  of  researches 
concerned  with  the  physiology  of  the  circulation.  In  1893  he  pubUshed  liis 
first  paper  on  the  action  of  the  depressor  nerve,  showing  the  general 
distribution  of  the  reflex  vaso-dilator  effect,  wliich,  at  that  time,  he  was 


inclined  to  attribute  to  inliibition  of  the  vaso-motor  centre.  This  conception 
he  later  revised,  when  he  demonstrated  the  vaso-dilatation  i^roduced  by 
stimulation  of  the  dorsal  nerve-roots,  long  previously  recorded  by  Strieker, 
but  never  generally  accepted,  until  the  two  masterly  papers  by  Baj'liss  put 
its  reahty  beyond  dispute.  On  the  significance  of  this  effect  for  the  regulation 
of  the  circulation,  and  its  bearing  on  the  nature  of  the  vaso-motor  centres,  he 
continued  to  work  and  to  publish  intermittently  until  1908.  Meanwhile,  in 
collaboration  with  other  workers,  he  had  been  exploring  the  circulatory 
mechanism  in  other  directions.  Papers  were  pubhshed  during  1894-1895, 
\vith  Bradford  on  the  innervation  of  the  Hmb  vessels,  and  with  Leonard 
Hill  on  the  cerebral  circulation. 

In  1890  he  began  his  collaboration  and  friendship  with  E.  H.  StarUng, 
maintained  to  the  end,  and  rendered  closer  on  the  personal  side  by  his  marriage, 
in  1893,  with  Starhng's  sister.  The  first  three  papers  which  they  pubhshed 
jointly  dealt  with  the  physiology  of  the  mammahan  heart.  The  first  dealt 
with  the  form  of  the  electrical  variation  in  the  mammalian  ventricle,  giving, 
with  the  apparatus  then  available,  a  picture  which  all  subsequent  work  has 
confirmed,  though  knowledge  of  the  conducting  mechanism  was  then  in- 
adequate for  its  interpretation.  It  is  worthy  of  note  that  the  authors  indicated 
its  incompatibility  with  a  mere  muscular  conduction  in  the  wall  of  the 
ventricle.  The  second  paper  dealt  with  some  points  in  the  innervation  of  the 
mammahan  heart,  and  the  third  with  records  of  the  intraventricular  jiressure 
in  mammals,  using  a  method  thoroughly  characteristic  of  Bayhss's  instinct 
for  simplicity  combined  with  precision.  In  the  same  year  (1894)  appeared 
the  important  paper  on  venous  and  capillary  pressure,  laying  firmly  the 
physical  foundation  on  wMch  Starhng  built  his  conceptions  of  the  formation 
of  lymph  and  urine.  Between  1899  and  1901  the  collaborators  published 
their  work  on  the  movements  and  innervation  of  the  intestines,  and  in  1902 
described  what  is,  probably,  the  most  widely  known  of  their  joint  discoveries, 
that  of  secretin,  and  the  humoral  control  of  jiancreatic  secretion,  thereby 
giving  a  great  new  impetus  to  the  study  of  the  chemical  mechanisms  of 
co-ordination  in  the  body. 

The  work  on  secretin  gave  a  new  opportunity  for  examining  the  mode 
of  action  of  the  pancreatic  enzymes,  and  Bayliss  was  soon  deej^  in  a  series  of 
fundamental  enquiries  into  the  nature  of  enzyme  action  in  general,  on  wliich 


lie  produced,  in  1908,  au  invaluable  monograph,  now  in  its  fourth  echtion. 
During  the  decade  before  the  War  we  find  him,  with  occasional  recurrence 
to  his  earher  love  of  the  vaso-dilator  mechanisms,  chieflj'  occuiiied  with  the 
Ijhj'sico-chemical  proijerties  of  heterogeneous  systems,  always  with  a  view  to 
their  bearing  on  the  ultimate  nature  of  vital  phenomena. 

It  was  the  publication,  in  1914,  of  his  great  book,  the  "Principles  of 
General  Physiology,"  which  first  revealed,  to  those  beyond  an  intimate 
circle  of  his  colleagues  and  pupils,  the  extraordinary  range  and  depth  of  his 
knowledge,  and  the  orderly  treasure-house  of  his  mind.  Only  BayUss  was 
surprised  at  the  enthusiasm  with  which  it  was  received.  He  had  written 
simply  and  ^^ithout  artifice,  as  he  was  wont  to  talk  in  private,  of  the  things 
which  had  intei'ested  him,  and  of  his  thoughts  about  them,  ^^-ithout  any  idea 
that  the  plain  record  would  show  liim  to  the  world  as  a  master.  Workers  in 
all  departments  of  Science  awoke  to  a  full  appreciation  of  his  qualitj-.  In 
1919  the  Roj'al  Society  gave  liim  its  highest  honour,  in  the  award  of  the 
Copley  Medal. 

During  the  War  Bayhss  eagerly  api^Hed  Ms  great  experience  of  the 
factors  controlhng  the  circiilation,  and  of  the  osmotic  properties  of  colloids, 
to  devising  methods  of  replenishing  the  circulatory  volume,  depleted  by 
haemorrhage  or  shock.  In  the  later  years  honours  fell  thick  upon  liim,  who 
had  avoided  rather  than  sought  them.  The  knighthood,  which  came  to  liim 
in  1922,  gave  unmixed  pleasure  to  all  who  knew  him. 

To  British  physiologists  the  personal  loss  is  inseparable  from  that  to 
their  science.  There  was  none  other  of  their  circle  in  whose  hfe  the 
Physiological  Society  formed  such  a  central  interest.  He  bore  for  years  the 
burdens  of  its  offices  with  his  invariable  equanimity,  and,  tiU  his  last  illness, 
was  always  to  be  found  at  its  meetings.  Even  here,  among  his  friends,  he 
was  reluctant  and  unready  in  open  debate,  and  anxious  rather  to  efface  than 
to  obtrude  himself ;  but  his  quiet  personaUty  pervaded  the  Society,  and  had 
a  large  share  in  maintaining  its  atmosphere  of  genial  comradeship  and  friendly 
informahty. 

Troubled  neither  by  personal  ambition  nor  by  material  anxiety  ;  with 
unfettered  opportunity  to  do  the  work  which  he  loved,  in  his  laboratory 


at  Umversity  College  or  in  that  wliich  he  made  in  his  beautiful  Hampstead 
garden  ;  with  an  extraordinary  equabihty,  both  of  temperament  and,  until 
Ills  last  and  only  real  illness,  of  physical  health ;  Bayliss  seemed  to 
have  all  that  could  make  for  happiness  in  unusual  perfection.  There  can  be 
no  doubt  that  he  had  it.  In  his  home  and  with  his  family,  in  a  circle  of 
friends  sharing  his  interests  and  of  students  seeking  help  and  inspiration, 
he  enjoyed  and  radiated  a  quiet  happiness,  and  kept  it  to  the  eiad. 


H.  H.  D. 


AURICULAR   FIBRILLATION   IN   THE   DOMESTIC   ANIMALS. 

By  J.  ROOS. 
(From  the  Physiological  Laboratory  of  the   University  of  Leyden.) 


A  great  jiart  of  our  insight  into  what  auricular  fibrillation  really  is,  we  owe 
to  the  fact  that  in  the  mammalian  heart,  especially  in  that  of  the  dog,  the 
auricles  are  susceptible  to'  tliis  condition.  After  the  attention  had  been 
called  to  this  by  McWilham",  various  investigators,  of  whom  we  will  mention 
L.  Fredericq-,  Rothberger  and  ^^'interberg'',  and  Lefris*,  have  made  use 
of  this  susceptibility  to  study  fibrillation  experimentally.  The  frequency 
with  wliich  domestic  animals  develop  auricular  fibrillation  si^ontaneously 
is  at  present  unknown. 

Onlj'  a  few  cases  in  the  horse,  observed  by  Lewis,  have  been  recorded. 
After  having  examined  a  great  number  of  animals  of  the  Enghsh  army  and 
of  veterinary  chnics  for  irregularity  of  the  heart  beat,  he  found  tliis 
distiu-bance  in  six  horses  only.  Lewis  considered  it  a  rare  disease.  Records 
of  the  conditions  in  other  domestic  animals  are  non-existent. 

The  folloA\ing  are  instances  of  fibrillation  of  the  aiuicles  which  have 
come  under  my  own  observation. 

Case  1.  A  twelve-year  old  mare  in  foal  showed  a  pulsus  irregularis 
perpetuus  ;  the  number  of  ventricular  beats  amounted  in  the  average  to 
72  per  minute  (normally  40).  The  heart  sounds  were  pure  ;  the  heart  was 
not  enlarged.  Respiration  was  accelerated  to  22  (normally  12)  and  the 
expiration  strengthened  by  abdominal  contraction.  The  veins  were  not 
overfilled,  and  there  was  no  dropsy.  After  shght  exercise  pulsation  occurred 
in  the  lower  third  of  the  jugular  veins. 

During  the  further  progress  of  the  disease  the  rate  of  ventricle  gradually 
diminished,  and  after  eight  months  it  had  fallen  to  45.  Tliis  decrease  in 
frequency  was  attended,  however,  by  decreased  efficiency.  Whereas  in  the 
beginning  the  animal  could  still  be  used  for  fight  work,  during  the  last 
month,  after  the  rate  had  cfiminished  to  50,  it  coidd  work  no  more.  After 
a  few  minutes  of  exercise  dyspnoea  occurred  and  no  further  work  was  possible. 
Previously  exercise  had  accelerated  the  pulse  from  60  or  70  beats  to  100, 
now  increase  in  rate  was  either  insignificant  or  absent.     Dropsy  cfid  not 
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supervene  ;  even  the  hypostatic  oedema  of  the  legs,  which  horses  having  no 
special  circulatory  affection  often  show,  when  kept  in  stable  for  some  days, 
did  not  appear. 

The  normal  electrocardiogram  of  a  horse  is  published  in  Fig.  1  ;  it  was 
first  recorded  in  this  laboratory  15  years  ago,  and  it  has  been  pubUshed  by 
different  authors,  e.g.,  by  Tschermak^"  and  Marek*. 


Fig.  1.  Normal  electrocardiogram  of  a  horse,  lead  from  fore-chest  and  left.  lower  cliest. 
Accompanied  by  an  arterial  record  from  the  art.  maxillaris  externa.  P  auricular  summit, 
QRS  and  T,  ventricular  complex.  Ordinates  =  10"'  volts  ;  abscissas  =  004  of  a  second,  in 
this  and  subsequent  figures. 

Fig.  2  is  an  electrocardiogram  from  the  first  case.  The  curve  has  been 
taken  by  connecting  the  right  part  of  the  fore-chest  near  the  scapulo-humoral 
joint  and  the  left  part  of  the  lower  chest  near  the  apex  beat.  Besides  a  great 
irregularity  of  the  ventricidar  complexes  it  shows  the  characteristic 
oscillations  of  a  fibrillating  auricle.  There  is  no  P  summit,  and  in  its  stead 
we  find  the  oscillations  /.  Contrary  to  the  instance  pubhshed  by  Lewis,  this 
curve  does  not  show  these  oscillations  locally,  but  they  are  clearly  visible 
along  the  whole  curve.  Their  frequency  is  about  450  per  minute,  which 
rate  corresponds  to  the  rate  found  for  man. 
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Fig.   2.     Auricular  fibrillation  in  Case  1.     Lwad  I'runi  riglit.  foro-ciiest  anil  lolt  lower  cIk 
P  summit  is  lacking  ;  in  its  stead  are  the  very  frequent  irregular  oscillations,  /. 


AURICULAR     FIBRILLATION.  3 

As  a  riile  animals  from  whom  electrocardiograms  are  to  be  taken  are 
of  a  sufficiently  quiet  beha^-iour  when  in  quiet  surroundings.  The  skin  is 
well  moistened  with  a  20  per  cent,  hot  solution  of  sodium  chloride,  before 
apphing  the  electrodes,  to  well  damp  the  hair.  If  the  Umbs  are  connected 
to  the  galvanometer,  the  bandages  described  by  Einthoveni  are  particularly 
suitable.  They  may  be  easily  fastened  to  metacarpus  and  metatarsus  and 
give  only  a  slight  skin  resistance,  while  movements  of  the  animal  cause 
little  or  no  alteration  of  the  resistance  nor  polarisation.  To  connect  the 
trunk,  as  in  Fig.  2,  square  amalgamated  zinc  plates  may  be  used  having  a 
surface  of  about  100  square  centimetres.  They  are  covered  on  one  side 
^^ith  moist  cotton  wool  and  next  wrapped  in  absorbent  gauze,  also  soaked 
beforehand  in  a  20  per  cent,  solution  of  sodium  chloride  and  connected  to 
the  galvanometer. 

After  the  animal  described  had  shown  auricular  fibrillation  for  eight 
months,  the  condition  became  worse  in  spite  of  treatment,  and  it  was  killed. 
The  heart  was  examined  in  the  Pathological  Institute  of  the  Veterinary 
University  at  Utrecht  by  Professor  Schornagel,  to  whom  I  am  indebted  for 
the  following  notes.  The  greatest  alteration  was  shown  by  the  auricles  ; 
here  a  strong  formation  of  connective  tissue  occurred.  In  some  parts  of  the 
microscopical  preparation  it  occupied  more  than  half  the  field.  Fresh 
inflammatory  foci  were  lacking,  though  the  connective  tissue  was  still  new 
and  showed  an  active  appearance.  The  muscle  fibrils  showed  degenerative 
changes  ;  they  were  pale,  somewhat  swollen  and  showed  vacuolation. 
Transverse  striation  was  indistinct ;  longitudinal  stiiation,  however,  was 
clearer  than  in  normal  cases.  In  the  wall  of  the  right  auricle  an  artery 
containing  an  organised  thrombus  was  found.  The  fibres  of  the  bundle  of 
His  and  the  Purkinje  cells  were  coloured  irregularly  and  were  often 
granular. 

Case  2.  A  middle-aged  cart  horse  (gelding,  seven  years  old)  having  been 
in  a  meadow  during  the  night,  was  found  to  be  hstless  and  sluggish  in  the 
morning  and  could  not  be  used  for  its  work.  It  could  hardly  be  made  to 
walk  and  refused  to  trot.  I  found  this  animal,  previously  spirited,  with  half 
closed  eyes  and  drooping  head,  languid  before  its  manger.  It  did  not  respond 
to  anything  and  refused  its  food.  The  respirations  were  accelerated  to  20, 
and  abdominal  movements  were  vigorous.  The  pulse  rate  was  diminished 
to  20.  The  pulse  rhythm  was  irregular  and  the  irregularity  was  of  a  very 
disorderlj'  kind.  Two  succeeding  beats  were  rarely  of  the  same  strength  and 
the  pauses  changed  in  duration  continually.  The  heart  sounds  were  free 
from  murmurs.  Shght  exertion  caused  considerable  dyspnoea,  the  pulse 
rate  remaining  constant.  Venous  pulsation  was  not  to  be  seen.  The  body 
temperature  was  normal.  For  a  month  there  was  general  improvement  and 
a  regular  pulse  of  48  beats  per  minute  became  estabUshed.  Then  the  pulsus 
irregularis  perpetuus  returned,  and  to  the  earfier  symptoms  attacks  of 
unconsciousness  were  added.     These  occurred   both  during  the  day  and 
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night  and  were  often  repeated.  Now  the  arteria  maxillaris  externa  showed  a 
pulse  rate  of  16,  the  heart  beating  at  25  per  minute.  The  heart  sounds 
varied  in  intensity  and  duration.  The  first  was  lengthened,  very  unequal 
and  of  a  rumbUng  quality  ;  the  second  was  sometimes  attended  with  a 
buzzing  noise  which  could  not  be  exactly  defined.  The  jugular  veins  now 
showed  distinct  pulsation.  Atropine  in  a  dose  of  100  milhgrammes 
accelerated  the  pulse  rate  to  26.  The  pulse  pauses  were  strikingly  unequal, 
varying  between  2  and  20  seconds.  As  soon  as  a  pause  of  18  seconds  had 
elapsed,  the  horse  began  to  lose  balance  and  threatened  to  fall.  A  fall, 
however,  never  happened  in  my  presence,  a  pulse  occurring  and  the  animal 
recovering  itseK.  It  is  remarkable  that  with  a  pause  of  20  seconds  no  further 
manifestations  of  cerebral  anaemia  appeared,  but  only  the  initial  disturbance 
of  body  balance.  In  man,  in  whom  the  pulse  rate  is  about  twice  as  frequent 
as  in  the  horse,  a  pause  of  3  to  7  seconds  often  leads  to  loss  of  unconscious- 


ness*' ^. 

A  mouth  after  the  first  attack  had  occurred  death  took  place.  Dissection 
revealed  an  enlarged  heart,  weigliing  4,650  grams  (the  normal  weight  for 
this  horse  may  be  taken  as  about  4,000  grams).  The  left  ventricle  wall  was 
hypertropliicd.  The  valves  looked  normal.  Microscopic  examination 
showed  no  alteration  of  the  muscular  tissues. 

Case  3.  An  old  mare  of  16  years  showed  an  absolutely  irregular  pulse. 
It  was  a  mixture  of  beats  of  greatly  differing  size,  and  pauses  of  varying 
length.  The  somewhat  increased  pulse  rate  of  54  corresponded  to  the  rate 
of  heart  beat.  There  were  no  murmurs.  Cardiac  hypertrophy  was  apparent 
because,  in  spite  of  chronic  lung  emphysema,  the  boundaries  of  the  heart 
dulness  had  kept  their  normal  places.  The  jugular  veins  showed  a  systohc 
pulse  wave.  After  the  animal  had  trotted  a  few  yards  the  pulse  rate 
increased  to  120,  irregularity  persisting.  The  animal  was  used  afterwards 
for  upwards  of  six  months  for  rather  heavy  work  at  a  walking  pace,  without 
its  owner  observing  anything  wrong  with  it. 

Case  4.  A  young  trotting  mare,  kept  in  a  loose  box,  was  called  one 
morning  by  name,  and  dropped  sideways  to  the  ground  with  extended  neck. 
The  animal  remained  motionless  for  a  few  seconds  and  then  got  up  without 
showing  any  further  distm-bance. 

On  examination  the  pulse  rate  was  30  and  showed  no  irregularities. 
On  the  mare  being  called,  the  rate  increased  suddenly  to  60,  and  an 
irregularity  of  the  pulse  became  manifest.  After  a  few  minutes  this 
acceleration  vanished  as  suddenly  as  it  had  come  ;  on  close  observation  a 
sUght  inequality  of  the  pauses  could  be  perceived.  Slow  walking  caused 
a  quickening  of  the  pulse  rate  of  35  to  45,  while  quick  walking  soon  brought 
the  pulse  to  120  beats  per  minute,  and  pidsation  became  visible  in  the  jugular 
veins.  The  heart  sounds  remained  pure.  The  breathing  was  but  little 
accelerated,  but  abdominally  strengthened. 
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It  appears  from  the  above  cases  that  auricular  fibriUation  occurs  in 
horses  of  different  sex,  various  age,  and  various  breed.  From  the  fact  that 
the  four  cases  occurred  mthin  a  year  among  the  patients  of  a  private  pi-actice 
it  may  be  concluded  that  the  condition  is  not  so  rare  as  has  been  supposed. 
As  in  the  case  of  man,  the  continued  irregular  pulse  is  the  most  striking 
symptom.  However,  with  slow  heart  action  it  sometimes  needs  a  close 
observer  to  discover  this  irregularity,  a  fact  wliich  is  also  true  in  the  case  of 
man.  Whereas,  however,  in  man  most  cases  of  auricular  fibrillation  present 
an  increased  rate  of  heart  beat,  a  relatively  slow  ventricular  action  seems 
more  frequent  in  horses.  In  none  of  the  animals  observed  at  rest  was  there 
a  material  quickening  of  the  pulse.  In  two  the  rate  was  decreased,  in  one 
even  to  less  than  half  the  normal  rate.  And  in  the  animal  that  had  initially 
shown  an  acceleration  to  70,  the  rate  diminished  to  the  normal  during  the 
further  course  of  the  disease.  This  decrease  of  rate  was  attended  by 
decreased  efficiency  of  the  heart  and  by  an  aggravation  of  the  general  con- 
dition. The  low  ventricular  rates  suggest  an  involvement  of  muscle  other  than 
that  of  the  auricle  and  especially  the  conducting  fibres.  Partial  heart  block 
is  not  uncommon  in  horses.     The  degree  of  block  governs  tlie  ventricular  rate. 

It  should  be  mentioned  that  disease  of  the  mitral  valve  occurred  in  none 
of  the  cases  described,  though  it  is  frequent  in  corresponding  human  patients. 
One  of  the  horses  had  shown  clinically  a  systoKc  murmur  ;  dissection, 
however,  showed  healthy  valves.  Tliis  is  not  so  surprising  since  diseases 
of  the  endocardium  is  rare  in  horses. 

As  regards  the  treatment,  it  may  be  mentioned  that  the  use  of  neitlier 
digitalis  nor  strophanthus  appears  to  amehorate  the  disease.  Thus,  in 
Case  1  on  two  occasions,  30  grammes  of  powdered  digitahs  leaves  were  given 
over  a  period  of  5  days ;  the  pulse  remained  irregular  and  its  rate  unchanged. 
A  course  consisting  of  240  grammes  of  stroi^hanthus  tincture  was  given  in 
10  daj's  ;  and  after  an  interval  of  two  days  was  rejieated  with  similarl}' 
negative  results.  Similar  treatment  with  stroplianthus  in  Case  2  led  to  no 
lowering  of  heart  rate.  In  this  case  quinidine  sulphate  was  also  given.  The 
first  course  consisted  of  three  doses  of  10  grammes  for  3  days,  and  3  doses  of 
20  grammes  on  the  4th  day.  The  pulse  became  regular  and  the  general  con- 
dition improved.  But  after  a  week,  without  treatment,  irregular  heart 
action  returned.  During  the  second  course  death  occurred,  the  animal  having 
taken  three  doses  of  10  grammes  for  2  days  only. 

Of  spontaneous  auricular  fibrillation  in  dogs  I  am  unable  to  find  any 
records.  Lewis*  tried  to  discover  the  disturbance  in  this  animal  hut  soon 
desisted.  He  gave  up  the  hope  of  obtaining  the  material  he  required  from 
this  source  ;  on  account  of  its  obvious  rarity  and  the  presence  of  the  natural 
respiratory  arrhythmia,  he  could  neither  collect  cases  himself  nor  relj^  upon 
the  observations  of  others  in  identifying  the  irregularity  sought. 

The  three  cases  I  have  observed  all  occurred  in  middle  aged  male 
animals,  namely  of  4,  6  and  9  years  of  age.     The  pulsus  irregularis  perpetuus 
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was  clearly  perceptible  in  all  three,  there  being  in  each  instance  no  fixed 
relation  between  pulse  size  and  length  of  the  preceding  diastole.  Contrary 
to  the  experiences  with  horses,  in  two  cases  the  pulse  rate  was  increased 
to  twice  the  normal.  In  none  of  the  cases  were  the  lesions  of  the  heart 
restricted  to  the  auricles.  Two  of  the  animals  showed  a  greatly  enlarged 
cardiac  muscle  and  signs  of  insufficiency  manifested  during  the  course  of  the 
disease  by  ascites  which  would  speechly  have  caused  death,  had  not  the 
animals  been  Idlled.  The  third  dog  presented,  besides  auricular  fibrillation, 
hypertrojihy  (known  to  be  of  at  least  a  year's  standing)  and  a  presystoHc 
mitral  murmur,  which  vanished  when  fibrillation  set  in.  Death  occurred 
suddenly  in  this  case.  The  electrocardiogram  of  one  of  these  animals  is 
shown    in    Fig.    3.     The    curves    again    show    complete    irregularity   of   the 


Fig.  3.  Spontaneous  auricular  filjrillation  in  a  dog.  Lead  from  tlie  riglit  fore  leg  and  the  left 
hind-leg.  Tliere  is  no  P  summit ;  in  its  stead  are  very  frequent  irregular  oscillations  /. 
The  ventricular  complexes  are  irregular. 


ventricular  action.  The  cardiac  intervals  vary  from  008  to  about  1  second. 
The  height  of  the  QRS  complex  varies  without  relation  to  the  duration  of 
the  preceding  interval.  This  is  particularly  clear  in  the  first  four  groups  of 
alternate  height  in  the  figure.  Along  the  whole  curve  oscillations  /  may  be 
noticed,  showing  a  frequency  of  1,000-1,100  per  minute,  a  figure  wliich  is 
slightly  higher  than  that  found  in  the  dog  with  artificial  auricular  fibrillation. 

Summary. 

1.  Four  cases  of  auricular  fibrillation  in  the  hor.se  and  three  cases  in 
the  dog  are  described. 

2.  In  the  horse  the  afi^ection  is  not  a  rare  one.  Comparing  the  chnical 
picture  with  the  affection  in  man  the  following  points  may  be  noted  :  (a)  The 
pulsus  irregularis  perpetuus  is  the  most  striking  symptom.  (6)  As  a  rule  the 
pulse  rate  is  not  increased.  In  one  of  the  cases  it  was  even  decreased  to  less 
than  half  tlie  normal  rate,  (c)  There  were  no  murmurs  ;  post-mortem 
examination  showed  healthy  valves. 
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3.  In  the  dog  the  affection  is  a  rare  one  indeed,  (a)  The  pulsus  irregularis 
perpetuus  is  the  most  striking  symptom,  (b)  In  two  of  the  three  cases  the 
pulse  rate  was  increased  to  twice  the  normal,  (r)  In  one  of  the  cases  there 
was  a  presystolic  mitral  murmur  which  vanished  when  fibrillation  set  in. 

4.  In  the  electrocartliogram  the  oscillations  of  fibrillation  are  clearly 
visible  along  the  whole  curve.  Their  frequence  is  about  450  in  the  hor.se  and 
1,000-l.lOOin  thedog. 
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THE  AORTIC  LESIONS  OF  SUBACUTE  INFECTIVE  ENDOCARDITIS. 

By  RONALD  T.  GRANT.* 
{Cardiac  Department,   University  College  Ho'^pilal  Medical  School.) 

The  following  report  is  based  on  the  examination  of  30  cases  of  subacute 
infective,  or  bacterial,  endocarditis.  Of  tliis  series  26  have  been  previously 
reported  from  other  points  of  viewf  and  to  these,  4  new  ca.ses  are  now  added. 
The  origin  of  the  aorta,  including  the  sinuses  of  Valsalva,  is  not  infrequently 
involved  by  the  disease  process  in  this  tjpe  of  endocarditis,  and  the  lesions 
may  be  conspicuous,  as  for  example,  the  vegetations  and  aneurisms  which 
are  well  known  to  occur  in  these  situations.  In  some  cases,  however,  they 
may  only  be  discovered  bj'  close  attention  to  macroscopic  detail,  and 
occasionally  their  presence  is  not  revealed  until  a  histological  examination 
has  been  undertaken. 

A  survey  of  past  records  shows  that  when  inflammatory  lesions  of  the 
aorta  are  associated  with  a  valvular  endocarditis  and  when  adequate  clinical 
and  pathological  data  are  given,  the  endocarditis  is  usually,  though  not 
always,  found  to  be  of  the  subacute  infective  type.  Such  lesions  have  for  a 
long  time  been  a  subject  of  considerable  interest  and  controversy,  particularly 
with  regard  to  their  origin  and  development,  whether  the  primary  event  has 
been  an  infection  from  the  lumen  of  the  aorta,  or  whether  they  have 
originated  in  an  embohsra  of  a  nutrient  vessel  arising  from  the  coronary 
arteries.  Eppinger's^  work  on  mycotic  aneurisms  forms  the  basis  of  most 
of  our  present  knowledge,  while  the  matter  has  been  reviewed  later  by 
Stumpfi',  and  more  recently  by  Stengel  and  Wolferth^^  and  by  Diintzer'-. 
Histological  evidence  has  for  the  most  part  proved  unsatisfactory  in 
attempting  to  decide  the  origin  of  the  lesions,  for  the  picture  in  the  reported 
cases  is  mainly  that  of  an  inflammatory  process  involving  all  the  coats  of  the 
aorta  and  does  not  definitely  indicate  the  site  of  the  original  focus  of  infection. 
Even  that  form  of  lesion  wliich  is  usually  regarded  as  the  type  of  an  embolic 
lesion^' ''^'  and  wliich  consists  of  a  deep  seated  abscess  or  cavity  oiiening  on  the 
surface  by  a  narrow  aperture  can  be  as  satisfactorily  derived  from  a  surface 
implanted  focus  (see  Case  17).  The  general  tendency,  however,  is  to  accept 
surface  origin  for  those  cases  where  the  lesions  lie  witliin  the  range  of  contact 

*  Working  on  behalf  of  the  Medical  Research  Council. 

t  See  Lewis  and  Grant,  He-art,  1923,  X,  21.  Five  of  tlie  31  cases  tliere  reported  are  omitted 
from  the  present  series,  two  {Cases  25  aiid  26)  being  complicated  by  gross  syphilitic  aortitis,  and 
three  having  been  set  up  as  museum  specimens  (Cases  22,  23  axd  24).  Tlie  identification  of  the 
cases  of  tlie  present  report  with  tho.se  previously  described  is  noted  in  the  text  and  in  Table  1 , 
page  33. 
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of  the  valvular  vegetations  (Marchand*,  Richter^")  and  embolic  origin  for 
those  situated  more  distantly  (Eppinger^,  McCrae^,  Klotz'*).  Support  is 
lent  to  the  embolic  theory  by  the  facts  that  embolism  of  the  smaller  systemic 
vessels  is  a  well-known  occurrence  in  the  course  of  an  endocarditis,  that  the 
coronary  arteries  have  occasionally  been  blocked  and  that  their  orifices  are 
particularly  favourably  situated  to  receive  particles  broken  off  from  the 
valvular  vegetations.  Also,  there  are  certain  rare  cases  of  primary  aortitis 
without  a  co-existing  valvular  endocarditis  or  a  neighbouring  extracardiac 
focus  to  account  for  them  and  which  seem  inexphcable  except  on  the 
assumption  that  infection  has  arrived  by  way  of  the  nutrient  vessels,  as 
for  example,  in  the  cases  recorded  by  iStumpf^*  and  Scheuer^i.  Further,  it 
is  held  that  the  rapichty  of  the  blood  stream  within  the  aorta,  combined  with 
the  smoothness  of  its  surface,  would  prevent  infective  material  obtaining 
a  foothold  in  the  intima. 

However,  although  emboUsm  of  the  coronary  arteries  must  be  admitted 
as  a  possible  cause  of  inflammatory  lesions  of  the  aorta,  there  are  weighty 
considerations  in  favour  of  the  alternative  view.  While  a  surface  origin 
is  easily  acceptable  for  those  lesions  lying  within  the  range  of  contact  of 
vegetations  attached  to  the  aortic  valve,  it  is  not  necessary  to  assume  an 
embolic  origin  even  for  tho.se  lying  beyond,  for  there  is  no  real  difficulty  in 
allowing  that  the  intima  may  be  invaded  by  infective  particles  torn  off  from 
the  valvular  vegetations.  The  very  rapidity  of  the  blood  stream  in  the 
aorta  is  a  factor  favouring  such  an  invasion,  for  the  more  rapid  the  flow 
the  greater  will  be  the  momentum  of  particles  carried  by  it.  Particularly 
a  calcareous  fragment  i^rojected  in  the  systohc  stream  might  readily  abrade 
the  aortic  intima  in  jjassing.  Further,  this  momentum  is  greater  nearer  the 
origin  than  higher  up  the  aorta,  and  the  increasing  rarity  of  the  lesions  as 
the  aorta  is  ascended,  which  has  been  commented  on  by  almost  all  writers, 
is  what  would  be  expected  from  a  surface  invasion  under  these  conditions. 
E^jpinger^  has  emj^hasised  the  multii^hcity  of  the  le.sions  witliin  a  small  area 
as  being  strong  evidence  of  their  embolic  nature,  but  tlus  can  be  interpreted 
with  equal  force  as  evidence  for  a  surface  origin.  From  one  point  of  view 
the  group  of  lesions  may  arise  by  direct  spread  from  one  surface  implanted 
focus  ;  from  another,  it  is  to  be  remembered  that  the  course  of  a  subacute 
endocarditis  may  extend  over  many  months,  and  in  that  time  it  is  not 
difficult  to  imagine  a  succession  of  particles  torn  off  from  the  valvular 
vegetations  and  giving  rise  to  a  circumscribed  patch  of  lesions  lying,  so  to 
speak,  in  the  line  of  fire.  Moreover,  as  will  be  seen  later,  such  aortic  lesions 
when  examined  liistologically  are  found  to  be  in  different  stages  of  develop- 
ment. Heahng  and  active  stages  may  he  .side  by  side,  a  fact  wliich  is  more 
in  favour  of  successive  intimal  infections  than  of  successive  emboUsm  of  a 
circumscribed  vascular  territory.  It  is  also  to  be  con.sidered  that  a  possible 
explanation  for  some  of  those  cases  where  the  aortic  lesions  He  beyond  the 
reach  of  valvular  vegetations  post-mortem  is  that  the  form  of  these  vege- 
tations  has   altered   during   the   protracted   course   of  the   disease.      Long 
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vegetations  formerly  present  may  have  been  so  shortened  by  fragments 
broken  off  from  them,  by  the  contraction  accompanying  heaUng  or  by 
disintegration,  that  they  may  no  longer  reach  the  diseased  area  on  the  aorta. 
There  is  a  further  argument  which  would  seem  conclusive  and  wliich  has 
apparently  been  neglected  in  the  past.  It  is  well  known  that  aortic  wall 
lesions  are  associated  \vith  an  endocarditis  of  the  left  heart  and  lesions  of  the 
pulmonary  artery  with  a  right-sided  endocarditis.  80  far  as  the  writer  can 
find  there  are  no  recorded  cases  of  inflammation  of  the  main  pulmonary 
artery  associated  with  a  left-sided  endocarditis  without  there  being  a 
simultaneous  involvement  of  the  pulmonary  cusps  or  a  patent  ductus 
arteriosus  to  account  for  the  spread  of  infection.  When  it  is  remembered 
that  the  coronary  arteries  in  part  supply  not  only  the  ascending  aorta  but  also 
the  main  pulmonary  artery  with  nutrient  vessels,  it  must  be  admitted  that 
the  evidence  is  strongly  in  favour  of  surface  origin  for  the  aortic  lesions. 
If  they  are  of  an  embolic  nature  there  is  no  evident  reason  why  their  seat 
of  election  should  be  the  origin  of  the  aorta  to  the  exclusion  of  the  iiulmonary 
artery. 

One  point  remains  to  be  noted.  It  has  been  shown  by  Richteri"  that 
the  aorta  may  be  involved  not  only  by  contact  but  also  by  a  direct  s^jread 
of  the  inflammatory  jirocess  from  the  valves.  However,  as  there  is  in  most 
cases  a  healthy  area  Ijdng  between  the  diseased  valves  and  the  aortic  lesions 
it  would  seem  that  this  is  not  the  usual  mode  of  spread. 

Apart  from  the  aorta,  contact  lesions  are  generally  held  to  occur  in 
endocarditis  ;  for  instance,  the  lesions  on  the  interventricular  septum  opposite 
a  diseased  aortic  cusp  of  the  mitral  valve.  The  two  following  cases  afford 
examples  of  vegetative  lesions  which  cannot  well  be  explained  bj'  the  emboUc 
theory  and  which  dlustrate  spread  by  contact  with  remarkable  clearness. 

ILLVSTRATIONS    OF    SPREAD    BY     CONTACT. 

CASE  1.* 

F.  M.,  a  night  watrliman,  aged  43,  was  admitted  to  Iiospital  on  the  6tli  of  July.  1922,  diagnosed 
subacute  infective  endocarditis.  He  liad  always  been  healtliy.  and  served  for  22  years  in  the 
army,  being  discliarged  as  time-expired  in  1919.  He  first  began  to  suffer  from  breathlessness  on 
exertion  in  1918,  and  tliis  had  gradually  become  worse.  For  a  few  months  prior  to  admission 
tliere  had  been  some  swelling  of  the  legs,  a  cough  and  a  feeling  of  exhaustion.  He  had  also  been 
losing  weight. 

On  admission  there  were  signs  of  venous  engorgement  with  enlargement  of  tlie  liver,  a?dema 
of  the  legs  and  trunk,  and  congestion  of  tlie  lungs.  He  was  pale,  the  fingers  were  slightly  clubbed 
and  the  spleen  greatly  enlarged  and  tender.  There  was  a  purjiuric  eruption  on  both  legs.  The 
heart  was  enlarged  and  diastolic  and  systolic  murmurs  were  heard  at  the  apex.  The  Wassermann 
reaction  was  positive,  but  several  blood  cultures  yielded  no  growth  of  pathogenic  organisms. 
The  red  blood  cells  numbered  3,660,000  per  c.  mm.,  the  hsemoglobin  percentage  was  44  and  the 
colour  index  0-6.  The  leucoej-ie  coimt  was  8,000  per  c.  mm..  Tlie  urine  contained  albumen, 
pus  and  red  blood  cells.  The  further  course  of  the  disease  was  characterised  by  the  occurrence 
of  Osier's  nodes  on  the  fingers,  by  a  tender  swelling  of  the  dorsum  of  the  right  foot  with  cessation 
of  the  pulsation  in  the  dorsulis  pedis  artery,  and  by  a  low  irregular  pyrexia.  The  heart  failure 
grathially  increased,  and  the  patient  died  on  the  19th  of  October,  1922. 

*  Case  32  of  previous  report. 
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Pathological  changes. 

Both  lungs  are  congested  and  cedematous,  and  on  section  show  numerous  interstitial  haemor- 
rhages. Tlie  liver  is  enlarged  and  fatty.  The  spleen  weighs  969  grammes  and  shows  several 
infarcts.  Both  kidneys  are  of  normal  size,  their  surfaces  are  smooth  and  covered  with  minute 
hfemorrliagio  points.  The  heart  weighs  482  granime.s,  both  ventricles  being  hypertrophied. 
Tlie  pulmonary  artery  and  valves  of  the  right  heart  are  normal.  Tlie  aortic  cuxps  are  slightly 
thickened  along  tlieir  margins  and  the  nodiih  are  considerably  enlarged.  Along  the  ventricular 
surface  of  the  cusps  are  a  few  scattered  sessile  vegetations.*  The  aorta  is  nonnal  e.Kcopt  for  very 
small  patclies  of  atheroma  at  its  base,  specially  along  the  ridges  of  the  siiuiso.s  of  X'alsalva. 

There  are  vegetations  along  the  free  edges  of  both  cusps  of  the  mitral 
■valve  which  extend  on  to  both  the  auricular  and  ventricular  surfaces.  The 
chordae  tendinae  are  irregularly  thickened  and  some  large  chordae  attached  to 
the  anterior  cusp  have  been  cut  through  near  the  valve  margin  and  are 
enclosed  in  a  great  mass  of  partially  calcified  vegetations  wliich  hangs  free 
in  the  ventricle  (Fig.  4  n).  A  false  chorda  (6)  extending  from  the  ventricular 
septum  to  the  middle  of  the  more  anterior  portion  of  the  posterior  pajjillary 
muscle  is  incased  throughout  bj-  minute  vegetations.  The  base  of  the 
corresponding  papillary  muscle  has  a  large  patch  of  minute  .surface  vege- 
tations on  it  and  a  surrounding  patch  of  tlrickened  endocardium  (c).  There 
is  a  similar  crescentic  patch  of  vegetation  on  the  hinder  subdivision  of  the 
posterior  papillary  muscle  (e).  Low  down  on  the  septum  where  the  wall  joins 
the  base  of  the  jjosterior  papillary  muscle  there  are  numbers  of  small  vege- 
tations arranged  on  the  trabeculae  and  false  chordae  (d).  When  the  free  end 
of  the  cut  chordae  covered  with  vegetations  is  swung  round,  it  is  found  to 
come  into  contact  with  all  the  vegetations  on  the  septal  wall  of  the  ventricle, 
of  the  false  chorda,  and  with  the  two  patches  on  the  papillary  muscle,  the 
coincidence  between  areas  of  contact  and  surfaces  involved  by  vegetation 
being  remarkable  in  its  detail  ;  thus,  the  crescentic  patch  of  vegetations  e 
comes  into  contact  with  a  knot-like  protuberance  of  the  vegetations  surround- 
ing the  chorda  a. 

CASE  2. 

J.  P.,  a  labourer,  was  aflmitted  to  hospital  on  the  23rd  of  August,  1922.  No  diagnosis  was 
made  during  life,  but  post  mortem  examination  revealed  an  infective  endocarditisf  of  the 
pulmonarj'  \alve.     He  had  previously  been  healthy  except  for  an  attack  of  rhevmiatic  fever 

13  years  before.  Four  months  before  admission  he  was  seized  with  an  attack  of  shivering  and 
remained  in  bed  for  a  month.  Thereafter  he  complained  of  nausea  and  of  vomiting  after  food 
and  was  able  to  eat  and  drink  but  little.     His  urine  was  sometimes  of  a  red  colour. 

On  acbnission  he  was  seen  to  be  somewhat  emaciated  and  his  complexion  was  of  a  waxy 
pallor.  There  were  no  signs  of  enlargement  of  the  heart  and  no  murmurs  were  detected  at  first, 
but  later  a  to  and  fro  munnur  was  heard  once  over  the  base  of  the  heart.  The  limgs  sliowed  no 
sign  of  disease,  and  apart  from  rigidity  in  the  epigastrium  the  abdomen  was  normal.  The  urine 
contained  albinuen  and  blood.  A  blood  culture  remained  sterile.  The  red  blood  cells  numbered 
1,630,000  per  c.  mm.,  the  haemoglobin  percentage  was  30,  and  the  colour  index  0-9.  The  white 
cell  count  was  7,700  per  c.  mm.  of  which  89-5  per  cent,  were  polymorphonuclears.  Tlie  tempera- 
ture was  irregular,  rising  to  lOl^Fahr..  A  week  after  admission  an  extensive  ulceration 
of  the  left  side  of  the  palate  developed.  The  irregular  pyrexia  continued,  the  patient  grailually 
became  weaker  and  died  on  the  4th  of  September,  1922. 

*  The  aortic  cusps  were  previously  tabulated  erroneously  as  being  free  from  vegetations, 
t  This  endocarditis,  while  subacute  in  its  course,  caiuiot  be  described  as  an  instance  of 
"  subacute  infective  endocarditis,"  since  this  t«rm  would  convey  rather  more  than  is  intendoil. 
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PdlJiological  change'^. 

Thoro  is  a  little  clear  fluid  in  both  pleural  cavities,  the  loft  lung  is  collapsed  and  the  right 
congested  and  O'dematous.  The  liver  is  normal  in  size  and  yellowish  on  section,  while  the 
spleen  is  large  and  soft.  Both  kidneys  are  increased  in  size,  their  surfaces  smooth.  Tlie  heart 
weighs  340  grannnos.  Tlie  valves  of  the  left  ventricle  are  slightly  thickened,  but  otherwise 
normal.  The  aoria  shows  only  very  small  patches  of  atheroma.  The  anterior  cusp  of  the 
tricuspid  valfc  is  considerably  thickened  at  its  edge,  but  the  remainder  of  the  valve  is  comparatively 
healthy. 

The  pulmonary  valve  (Fig.  1)  is  extensively  diseased.  On  the  left 
jiosterior  cusp  is  an  area  of  flat  vegetations  spreading  from  the  edge  almost 
to  the  hne  of  attachment  on  the  ventricular  surface.  On  the  anterior  cusp 
is  one  largish  mass  on  the  ventricular  aspect  ulcerating  through  in  one  spot. 
These  vegetations  are  somewhat  friable.  On  the  edge  of  the  right  posterior 
cusp  are  masses  of  vegetation  considerably  calcified,  and  one  of  these  masses 
projects  in  the  form  of  a  club-shaped  polypus  (a).  In  the  sinus  of  this  cusp, 
and  on  the  base  of  the  jiulmonary  artery,  is  a  large  patch  of  vegetations  (b). 
These  vegetations  are  more  protuberant  at  the  margins  and  thinner  in  the 
centre  of  the  patch,  which,  as  a  whole,  presents  a  concave  surface  toward  the 
lumen,  and  the  club-shaped  vegetation,  when  tilted  up,  fits  well  into  this 
concavity  in  which  it  had  evidently  lain  during  the  heart's  systole. 

These  two  cases  are  clear  examples  of  surface  infection  by  contact,  and 
it  is  noteworthy  that  the  contact  lesions  are  in  the  form  of  vegetations. 

The  distribution  and  form  of  vegetations  on  the  aortic  cusps  was 
carefully  noted  in  the  30  cases  of  the  series,  especially  remarking  the 
possibility  of  their  contact  with  the  aortic  wall  during  systole.  The  aorta 
and  sinuses  in  turn  were  closely  scrutinised  for  inflammatory  lesions  and  the 
position  of  these  lesions  was  related  to  the  area  of  contact  of  the  valvular 
vegetations.  All  the  lesions  were  submitted  to  histological  examination  with 
a  view  to  tracing  their  stages  of  development,  and  for  the  same  reason, 
portions  of  the  aorta,  apparently  healthy,  and  also  of  the  pulmonary  artery, 
were  studied  microscopically.  As  a  result,  inflammatory  lesions  of  the 
aorta  and  sinuses  were  found  in  half  the  cases.  In  all  the  15  cases  presenting 
such  lesions,  the  aortic  cusps  were  heavily  involved  by  vegetations  wliich, 
when  placed  in  their  systoUc  positions,  could  be  brought  into  contact  with 
the  surface  of  the  aorta.  Of  the  15  cases  showing  no  lesion  in  these  situations, 
there  were  no  vegetations  on  the  aortic  cusps  in  4,  in  8  the  vegetations  were 
small  and  confined  to  the  ventricular  surfaces  of  the  cusps,  while  in  only 
3  cases  did  the  vegetations  present  possible  areas  of  contact  with  the  sinus 
walls  ;  that  is  to  say,  of  18  cases  in  which  the  form  and  situation  of  the 
vegetations  on  the  aortic  cusps  permitted  contact  with  the  aorta,  lesions 
were  found  there  in  no  less  than  15.  The  inflammatory  lesions  of  these 
15  cases  (see  Table  I,  page  33)  fall  naturally  into  3  groups,  namely,  vege- 
tations, fissures  and  aneurisms,  under  which  headings  they  will  now  be 
considered. 
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VEGETATIONS    IN    AORTA. 


Vegetations  in  some  form  were  present  in  all  15  of  the  cases  showing 
inflammatory  lesions  of  the  aorta,  but  in  11  they  were  complicated  by  the 
presence  of  fissures  and  aneurisms.  The  5  cases  with  vegetations  only  are 
as  follows  : — 

CASE  3*. 

C.  R.,  a  commercial  traveller,  aged  39,  was  admittecl  to  hospital  on  the  31st  of  August,  1922, 
diagnosed  subacute  infective  endocarditis.  There  was  a  doubtful  rheumatic  history  in  childhood, 
but  otherwise  he  had  been  healthy  until  1919,  when  he  began  to  lose  weight.  Three  weeks  before 
adini.ssion  he  suffered  from  great  shortness  of  breath  and  complained  of  swelling  of  the  legs  and 
of  a  sense  of  fuhiess  in  tlie  abdomen. 

On  admission  there  were  signs  of  advanced  cardiac  failure  with  ortliopnQ3a  and  considerable 
enlargement  of  the  liver.  His  colour  was  a  dark  tan  with  a  yellowish  tinge  on  the  face  and  neck. 
There  were  a  few  petechial  hsemorrhages  around  the  arm-pits  and  his  fingers  were  clubbetl,  but 
the  .spleen  was  not  palpable.  The  heart  was  slightly  enlarged  and  a  pronounced  diastolic  murmur 
was  audible  over  the  base.  The  urine  contained  albumen  and  red  blood  cells.  The  patient  was 
too  ill  to  admit  of  further  examination,  and  he  died  three  days  later,  the  temperature  having 
been  subnormal  since  admission. 

Pathological  change'^. 

Both  lungs  are  congested  and  in  a  state  of  brown  induration.  The  liver  is  much  enlarged 
and  shows  advanced  nutmeg  change.  The  spleen  and  kidneys  are  of  almost  normal  size,  but  both 
sliow  the  scars  of  old  infarcts.  The  heart  is  enlarged,  both  ventricles  being  hypertrophied  and 
dilated.  The  pulmonary  artery  is  normal  as  are  also  the  valves  of  ttie  right  ventricle  except  for 
slight  thickening.  The  mitral  valve  and  its  chordae  are  heavily  in\'olved  by  vegetations,  the  latter 
being  reduced  in  number  and  thickened,  wliile  several  are  broken. 

The  aortic  valve  (Fig.  2)  is  also  heavily  involved  by  vegetations  in  which, 
however,  no  organisms  are  to  be  found. ^ 

Commissure  B  is  almost  entirely  destroyed,  while  commissure  A  is 
adherent  for  a  length  of  15  mm..  The  left  anterior  cusj^  is  marginally 
thickened,  but  there  are  only  small  vegetations  along  its  line  of  apposition 
which  have  no  area  of  contact  with  the  .sinus  walls.  No  lesions  can  be  found 
in  this  sinus.  Long  flat,  firm  vegetations  hang  from  almost  the  whole  of 
the  free  margins  and  lines  of  ajiposition  of  the  right  anterior  and  posterior 
cusps  except  towards  commissures  A  and  C  where  the  cusp  margins  are 
thickened  and  rounded  but  free  from  vegetations.  Beneath  commissure  B 
is  a  .septal  patch  (V^)  of  small  vegetations  and  a  small  crescentic  thickened 
fold  of  endocardium.  The  long  anterior  vegetation  (V^)  on  the  posterior  cusp 
folds  down  and  comes  into  accurate  and  natural  apposition  with  the  patch. 
In  the  upper  part  of  the  posterior  sinus  of  Valsalva  there  are  numerous 
small  vegetations  which  are  most  clo.sely  grouped  along  the  ridge  of  the 
sinus  (V^).  The  area  within  which  these  sinus  vegetations  he  is  found  to 
coincide  accurately  with  that  covered  by  the  long  flat  posterior  vegetation 
(V^)  attached  to  the  cusp  when  it  is  turned  upwards  into  its  systolic  position. 

*  Previously  tabulated  as  Case  19. 

t  In  this  instance  and  in  subsequent  case  reports  this  statement  means  that  no  collection  of 
organisms  could  be  found  in  sections  stained  by  Gram,  or  by  Murray's  method  {6th  Sc.  Rep.  of 
Imperial  Cancer  Research  Fund,  1919,  2nd  method),  although  the  vegetations  were  extensively 
explored. 
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There  are  no  lesions  in  the  right  anterior  sinus,  thougli  there  is  an  area  of 
contact  within  it.    The  aorta  elsewhere  is  healthy. 

As  the  three  subsequent  cases  have  already  been  fully  reported  and 
figured,  only  the  relevant  details  will  be  described  here.  The  patients  were 
admitted  with  full  chnical  signs  of  subacute  infective  endocarditis,  and  this 
diagnosis  was  confirmed  at  autopsy.  In  each  instance  the  pulmonary  artery 
and  valves  of  the  right  heart  were  normal  and  no  organisms  could  be  found 
in  the  vegetations  on  the  mitral  and  aortic  valves. 


The  vegetations  on  the  left  anterior  cusj:)  (L.A.  in  Fig.  17  of  previous 
report)  are  seen  to  be  confined  to  its  ventricular  surface  and  have  no  area 
of  contact  with  the  sinus.  A  small  mass  of  vegetations  jjrojects  from  the 
centre  of  the  margin  of  the  right  anterior  cusp,  but  there  are  no  vegetations 
on  the  sinus  wall.  There  are  similar  projecting  vegetations  on  the  margin 
of  the  posterior  cusp,  and  in  the  area  of  contact  on  the  sinus  wall  near  com- 
missure C  there  is  a  small  group  of  vegetations  lying  just  beneath  the  ridge 
of  the  sinus. 

CASE  5.t 

On  re-examining  tliis  specimen,  jiendulous  vegetations  are  seen  attached 
to  both  the  posterior  and  left  anterior  cusps  (Fig.  18  of  pre^^ous  rejiort),  and 
these  have  areas  of  contact  in  their  respective  sinuses,  which,  however,  are 
healthy.  In  the  right  anterior  sinus  there  is  a  patch  of  vegetations  and 
erosion  around  the  mouth  of  the  right  coronary  artery,  and  this  lies  witliin 
the  area  of  contact  of  vegetations  wliich  project  from  the  margin  of  the 
right  anterior  cusp  near  commissure  B.  The  aorta  shows  slight  atheroma 
but  is  otherwise  healthy. 

CASE  o.j 

The  aortic  valve  is  congenitally  bicuspid,  and  both  the  xwsterior  and  the 
combined  right  and  left  anterior  cusps  are  seen  to  be  covered  with  vegetations 
on  their  ventricular  surfaces.  The  vegetations  extend  on  to  the  sinus  side 
of  the  posterior  cusp  towards  commissure  C  and  on  the  underlying  sinus 
wall  there  is  a  small  grouji  of  vegetations  (not  visible  in  the  figure).  Elsewhere 
the  sinuses  are  healthy,  but  vegetations  extend  from  the  combined  cusps 
on  to  the  ridge  of  the  fused  commissure  A.    The  aorta  is  free  from  disease. 

Case  7  is  particularly  interesting  in  that  the  vegetative  lesions  in  the 
sinus,  being  well  advanced  towards  heahng,  are  invisible  to  the  naked  eye 
and  were  only  discovered  on  microscopic  examination. 

*  Previously  reported  as  Case  5. 
t  Previously  reported  as  Case  6. 
I  Previously  reported  as  Case  11,  and  illustrated  in  Fig.  23. 
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CASE  7.* 

W.  B.,acIork,  aged  30,  came  <inder  obser\at/ion  for  subacute  infective  endocarditis  on  t}ie 
2nd  of  December,  1920.  Previously  healthy,  lie  enlistetl  in  1915,  but  during  training  complained 
of  shortness  of  breath  and  palpitation.  He  was  wounded  in  France,  1916,  and  disdiarged  from 
the  Army  in  1917.  A  few  weeks  before  coming  imder  observation  his  symptoms  had  become 
worse. 

On  exnminntion  Iiis  exercise  tolerance  was  only  fair.  The  heart  was  moderately  enlarged 
and  diastolic  murmurs  were  audible  at  apex  and  base.  The  fingers  were  conspicvionsly  clubbed, 
but  tlie  patient  stated  that  they  had  been  so  since  childliood.  Tlie  spleen  was  palpable.  The 
red  blood  cells  numbered  .5,720,000  per  c.  ram.,  the  haemoglobin  percentage  was  82  and  the  colour 
index  0-7.  The  leucocyte  was  10,400  per  c.  mm..  His  condition  remained  stationary  till 
September,  1922,  when,  owing  to  the  onset  of  cardiac  failure  he  was  admitted  to  hospital  on  the 
16th  of  that  month.  Tlie  urine  was  then  found  to  contain  albumen  and  red  blood  cells,  but  no 
blood  culture  was  made.  The  temperature  remained  for  the  most  part  subnormal,  and  the  cardiac 
failure  increasing,  the  patient  died  on  the  26th  of  September,  10  days  after  admission. 

Pathological  changes. 

The  lungs  are  congested  and  the  left  lower  lobe  is  consolidatefl.  The  liver  is  large,  soft  and 
fatty.  'Ihektrlnrys  are  of  normal  size  and  show  the  scars  of  old  infarcts,  \\hile  on  section  a  few 
completely,  but  no  partially,  hyalinised  glomeruli  are  to  be  found.  The  heart  weighs  567  grammes, 
both  ventricles  being  hypertropliied  and  dilated.  The  pulmotuiry  artery  is  normal,  but  there  is 
some  thickening  of  the  pulmonary  and  tricuspid  valves,  especially  of  the  letter.  The  mitral 
valve  is  greatly  thickened,  and  both  flaps  show  numerous  vegetations.  There  are  several  endo- 
cardial tliickenings  on  the  interventricular  septum  beneath  the  aortic  valve  (Fig.  9,  «'  (•  t'). 

All  the  cusps  of  the  aortic  valve  are  marginally  thickened  and  the 
commissures  adherent.  The  right  and  left  anterior  cusps  are  involved  by 
firm,  low  and  partly  calcified  vegetations  confined  to  the  upper  part  of  their 
ventricular  surface  and  having  no  area  of  contact  with  the  underlying 
sinuses.  The  posterior  cusp  is  similarly  involved,  but  the  vegetations 
extend  just  over  the  free  margin,  and  at  its  centre  become  pendulous  and 
considerably  calcified  (Fig.  9,  V).  When  placed  in  their  systolic  position 
the  projecting  vegetations  have  an  area  of  contact  over  the  upper  part  of 
the  central  portion  of  the  posterior  sinus.  The  sinus  wall  in  this  situation 
appears  normal,  but  in  serial  sections  several  small  nearly  healed  vegeta- 
tions are  found  scattered  over  the  surface.  Other  portions  of  the  same  and 
of  the  remaining  sinuses,  similarly  examined,  show  no  lesions,  and  the  aorta 
itself  is  healthy.     Ko  organisms  are  to  be  seen  in  the  vegetations. 

Histologically,  the  aortic  vegetations  of  these  cases  do  not  differ  from 
those  found  on  the  valves  of  the  heart  and  consist  essentially  of  a  ground  work 
of  thrombotic  material  which  may  contain  organisms,  and  wliich  is  more  or  less 
invaded  from  its  base  by  young  connective  tissue.  In  shape  they  may  be 
small  cauliflower-hke  growths,  or  flat  and  spread  over  a  wider  surface.  They 
may  disturl)  the  intima  only  or  may  involve  the  aortic  wall  more  deeply, 
and  are  accomimnied  by  a  greater  or  less  inflammatory  reaction  in  the 
neighbouring  media  and  adventitia.  The  appearances,  however,  are  very 
various  according  to  the  severity  of  the  infection  and  according  to  the  degree 
in   which   protective   or  reparative   processes   have   pursued   their   course. 

*  Previously  tabulated  aa  Case  16. 
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Wliile,  oil  the  other  hand,  the  picture  may  be  mainly  that  of  advancing 
infection,  and  wliile  on  the  other,  the  reparative  processes  may  predominate, 
the  impression  is  commonly  that  of  a  long  drawn  out  struggle  between 
these  two  forces,  resulting  in  an  area  of  chronic  productive  inflammation 
involving  the  whole  tliickness  of  the  aortic  wall. 

An  example  of  an  earl}'  vegetation  containing  organisms  is  illustrated 
in  Fig.  11.  The  thrombus  caj)  is  crowded  with  Gram-positive  cocci  [b,  b,  b), 
while  from  beneath  it  is  being  invaded  by  numerous  fibroblasts,  large  wander- 
ing cells,  a  few  giant  cells  [G.C.)*  many  binuclear  or  trinuclear  wandering 
cells,  and  some  mononuclear  and  polymorphonuclear  leucocytes.  The  base 
of  the  vegetation  rests  on  the  internal  elastic  lamina,  and  at  one  point  this 
and  the  underlying  superficial  laminae  have  been  broken  through  and  their 
ends  carried  into  the  base  of  the  vegetation,  wliile  the  neighbouring  laminae 
are  slightly  separated  by  a  prohferation  of  the  connective  tissue  cells  Ijing 
between  them  together  \\'ith  a  few  leucocytes.  The  underlying  media  and 
adventitia  are  undisturbed.  . 

When  infection  has  the  upper  hand,  the  further  course  of  such  a  lesion 
is  marked  by  an  extension  of  the  inflammatory  process.  The  centre  of  the 
vegetation  breaks  down  and  the  involvement  of  the  media  proceeds  to  an 
ever  increasing  depth  and  exten.sion.  Between  the  underlj-ing  and 
neighbouring  elastic  lamina?  there  is  a  progressively  denser  infiltration  by 
leucocytes  even  up  to  the  formation  of  an  abscess,  the  formed  elements 
undergoing  necrosis,  the  elastic  laminae  themselves  resisting  for  a  long 
time.  The  adventitia  also  shares  in  the  inflammatory  process,  and 
ultimately,  as  \\\\1  be  seen  later,  the  aortic  wall  gives  way.  Throughout  this 
process  there  is  always  some  attempt  at  repair,  as  e\'idenced  by  the  presence 
of  fibroblasts,  and  in  some  specimens  the  appearances  are  those  of  a  lesion 
advancing  to  complete  heafing.  Such  a  concUtion  is  illustrated  in  Fig.  13. 
Here  the  media  has  been  penetrated  and  destroyed  to  almost  half  its 
thickness,  but  the  wide  breach  in  the  elastic  media  is  repaired  by  a 
growth  of  connective  tissue,  the  cells  of  which  he  more  or  less  in  layers 
parallel  to  the  surface.  A  few  lymphocytes  (Z)  are  to  be  seen  at  the  base 
of  the  scar  which  is  everywhere  pervaded  by  fuie  newly  formed  elastic 
fibrils.  The  media  and  adventitia  beneath  show  Uttle  change,  the  only 
evidence  of  disturbance  being  a  sparse  collection  of  lymphocytes  around 
the  vessels  in  the  outer  third  of  the  media.  There  remains,  however,  an 
intermediate  type  of  vegetative  lesion  in  wliich  neither  infection  nor  repair 
has  definitely  gained  the  upper  hand.  The  vegetations  in  such  are  usually 
low  and  spread  over  a  considerable  area.  The  thrombus  cap  may  be  dense, 
hyaUne  and  partly  calcified,  or  may  be  entirely  organised  by  young 
connective  tissue  which  may  show  areas  of  necrosis.  Organisms  are  not 
usually  to  be  seen.     The  intima  between  the  vegetations  may  be  thickened 

*  Incidentally  it  may  be  stated  that  giant  cells  are  to  he  found  in  the  basal  portions  of 
vegetations  in  nearly  every  case  of  subacute  infective  endocanlitis. 
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by  an  increase  of  its  connective  tissue  or  it  may  be  replaced  by  a  necrotic 
surface  in  which  the  underlying  elastic  laminae  are  exposed.  In  the  media 
beneath,  the  vessels  are  prominent  and  are  found  to  penetrate  bej'ond  the 
outer  third.  Lymphocytes  and  plasma  cells  are  to  be  seen  collected  round 
them,  and  in  their  neighbourhood  the  elastic  laminasraay  be  disturbed  and  even 
broken  by  areas  of  proliferating  connective  tissue  cells.  There  may  also  be 
some  degeneration  of  the  formed  elements,  the  media  as  a  whole  having  a 
somewhat  patchy  appearance.  The  adventitia  is  usually  thickened  by  an 
increase  of  its  connective  tissue,  and  many  fibroblasts  are  to  be  seen  together 
with  a  sparse  diffuse  infiltration  of  lymphocytes  and  j^lasma  cells,  Avhile 
many  of  the  vessels  show  an  advanced  degree  of  obhterative  endarteritis. 

A  routine  microscopical  examination  of  the  apparently  healthy  sinus 
and  aortic  wall  and  of  the  pulmonary  artery  in  these  cases  revealed  no 
significant  changes.  Beyond  some  intimal  tliickening  of  the  vasa  vasorum 
and  the  presence  of  a  few  lymphocj'tes  along  their  courses  no  sign  of  inflam- 
matory reaction  could  be  found  which  would  indicate  a  process  of  embolism 
in  these  vessels.  Such  lesions  as  M-ere  found  are  also  to  be  seen  in  what  are 
usually  described  as  normal  hearts  from  patients  of  a  similar  age. 

From  the  descrijition  of  these  five  cases  it  is  apparent  that  the  vegetative 
lesions  on  the  aorta  and  sinuses  are  present  only  in  those  regions  which  can 
be  covered  by  vegetations  attached  to  the  aortic  valves,  though  lesions 
have  not  formed  in  every  area  of  contact,  as,  for  example,  in  the  right  anterior 
sinus  of  Case  3,  yet  when  they  do  occur  they  show  such  a  definite  relation 
to  the  vegetations  on  the  aortic  cusps  that  it  seems  justifiable  to  conclude 
that  they  have  arisen  through  surface  infection  implanted  by  contact.  The 
histological  picture  is  in  agreement  with  this  view,  and  it  has  been  sho\^Ti  that 
all  intermecUate  stages  can  be  traced  from  an  early  surface  lesion  beneath 
which  the  aortic  wall  is  uncUstiu'bed  to  either  an  extensive  deep  invasion 
or  a  healed  scar. 

FISSURES  OF  AORTA. 
Among  the  less  conspicuous  lesions  of  the  sinuses  and  aorta  there  is 
one  type  to  which,  so  far  as  the  writer  is  aware,  attention  has  not  hitherto 
been  directed,  namely  minute,  hnear  or  radiate  fissures.  Various  forms  of 
tears  or  rupture  of  the  aorta  have  frequently  been  reported.  Osier'-' and 
McCrae^  mention  cracks  in  connection  vnih  underljdng  aneurisms,  but  the 
writer  has  been  unable  to  find  descriptions  corresponding  to  the  minute 
lesions  which  have  been  observed  in  6  cases  of  the  series  as  follows. 

CASE  8.* 
J.  H.,  a  professional  soldier,  aged  42,  first  came  under  observation  on  October  tlie  ITtli,  1921. 
Except  for  remittent  fever  in  1897  and  rheumatism  in  1900,  lie  had  previously  been  healthy,  and 
was  discharged  from  the  army  as  time-expired  in  1919.  He  then  began  work  as  a  plumber,  but 
idtimately  had  to  give  it  up  on  account  of  shortness  of  breath  and  palpitation  on  exertion. 
In  August,  1921,  he  suffered  from  a  painful  sweUing  of  the  calf  of  the  right  leg,  and  by  this  time 
his  symptoms  had  become  worse. 

*  Previously  tabulated  as  Case  17. 
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On  examiiuitioii  tlie  patioiit  sliowecl  signs  of  venous  congestion  with  oedema  of  the  sliiiis. 
Ho  was  pale,  the  spleen  was  palpable  antl  the  pads  of  the  fingers  were  a  little  bigger  than  usual. 
The  lieart  was  enlargeil,  a  to  and  fro  murmur  was  audible  over  the  aortic  cartilage,  and  tlie  pulse 
was  slightly  water-hammer  in  tyjje.  A  diagnosis  of  suspected  subacute  infective  endocarditis 
was  made,  and  later,  on  March  the  22nd,  1922,  subsequent  to  the  onset  of  cardiac  failure,  the 
patient  was  admittetl  to  hospital.  He  was  then  too  ill  to  admit  of  a  thorough  examination,  and 
died  a  few  days  later. 

Palhologirnl  changes. 

Both  lungs  are  congested  and  there  is  a  small  q\iantity  of  clear  fluid  in  each  pleural  cavity. 
The  Uver  is  normal  in  size,  but  on  section  shows  nutmeg  changes.  The  spleen  weighs  567  grammes. 
is  firm  but  not  infarcted.  Both  kidneys  are  large  and  show  several  depressed  scars  from  old 
infarcts.  The  heart  weighs  823  grammes,  both  ventricles  being  liypertrophied  and  dilated.  The 
pulnwnary  artery  and  valves  of  the  right  heart  are  normal.  The  mitral  valve  is  thickened  at  its 
edges,  and  there  is  a  large  patch  of  vegetations  on  the  ventricular  surface  of  the  aortic  flap. 
There  are  so\-eral  crescentic  endocardial  thickenings  (Fig.  8  t',  (-)  on  the  interventricidar  septum 
beneath  the  aortic  valve.     No  organisms  are  to  be  found  in  the  vegetations. 


The  aortic  cusps  (Fig.  -8)  are  extensively  diseased,  commissure  A  being 
completely,  and  commissure  B  slightly  adherent,  while  commissure  C  is 
filled  with  vegetations.  The  line  of  apposition  of  the  right  anterior  cusp  is 
covered  with  vegetations.  These  have  no  area  of  contact  in  the  sinus,  wliich 
is  healthy  except  for  a  small  nodule  of  atheroma  (71).  The  left  anterior  cusp 
has  similar  vegetations,  but  at  the  centre  of  the  cusp  they  extend  on  to  its 
margin  (Vi)  and  over  on  to  its  sinus  aspect,  though  there  are  no  le.sions  in  the 
area  of  contact.  Each  end  of  the  posterior  cusp  is  covered  with  vegetations, 
especially  near  commissure  C,  where  a  large  mass  of  calcified  vegetations  (V-) 
projects  from  the  margin.  Within  the  area  of  contact  of  this  mass  in  the 
upper  half  of  the  posterior  sinus  is  a  small  break  in  the  surface  about  2  mm. 
long  by  1  mm.  wide  (f).  It  is  stellate  in  -appearance,  being  widest  at  its 
centre  from  which  fine  fissores  extend  outwards.  The  surface  of  the  sinus 
immediately  surrounding  it  is  slightly  roughened  and  granular. 

Microscopically  the  fissure  is  seen  to  extend  two-tliirds  through  the 
elastic  coat  of  the  sinus  wall,  which  is  here  1  mm.  thick.  At  its  centre  it  is 
U-shaped  and  from  the  sides  of  the  U  several  narrow  cracks  extend  outwards, 
gradually  lessening  in  depth.  The  edges  of  the  fissures  are  slightly  irregular 
and  covered  with  a  thin  layer  of  necrotic  material  in  which  He  the  severed 
ends  of  the  medial  elastic  laminae.  The  granular  apj^earance  of  the  surface 
in  this  region  is  due  to  the  presence  of  small  flat  vegetations  which  are  more 
or  less  completely  organised.  These  vegetations  are  for  the  most  part  quite 
superficial,  the  internal  elastic  lamina  of  the  media  extending  unbrokenly 
beneath  them  except  for  one  or  two  small  breaches  where  the  vegetations 
have  penetrated  rather  more  deeply.  At  the  sides  of  the  main  fissure  the 
clastic  laminae  are  sejiarated  by  numerous  spindle-shaped  connective  ti.ssue 
cells  with  large  nuclei,  and  there  is  a  diffuse  Ij-mphocytic  infiltration, 
particularly  between  the  deeper  lying  laminae.  The  adventitia  is  congested 
and  diffusely  infiltrated  with  lymphocytes  and  plasma  cells. 


20  R.T.GRANT. 

CASK   0.* 

J.  P.,  a  newsagent,  aged  39,  was  admitted  to  hospital  on  the  27th  of  March,  1922,  diagnosed 
subacute  infective  endocarditis.  Previously  he  had  been  healthy  and  served  8  years  in  the  array. 
Fifteen  months  before  admission  he  began  to  complain  of  shortness  of  breath  and  this  gradually 
became  worse. 

On  admission  there  were  signs  of  venous  engorgement  with  congestion  of  the  lungs.  He  was 
l>ale  and  tlie  fingers  were  clubbed,  though  the  spleen  was  not  palpable.  The  heart  was  eiUarged 
and  systolic  and  diastolic  murmurs  were  heard  over  the  apex  and  base.  The  pulse  was  water 
hammer  in  type.  A  blood  culture  remained  sterile.  The  urine  contained  red  blood  cells.  There 
was  no  pyrexia.     The  heart  failure  increased  and  the  patient  died  on  the  6th  of  April,  1922. 

PuthoJogical  chanr/cs. 

Both  linigs  are  congested  and  cedematous.  The  liver  shows  a  mo<lerate  degree  of  nutmeg 
change.  The  spleen  weighs  425  grammes  and  is  infarcted.  Both  kidneys  are  large  but  not 
infarcted  and  their  surfaces  are  smooth.  The  heart  weighs  765  grammes,  both  right  and  left 
ventricles  being  greatly  hypertrophied.  The  pulmonary  artery  and  valves  of  the  right  heart  are 
normal.  Both  flaps  of  the  mitral  valve  are  involved  by  vegetations  which  extend  on  to  the 
cliord;e  tondinic. 

All  ihe  aortic  cusjjs  are  completely  covered  from  attachment  to  margin 
on  their  ventricular  surfaces  with  firm  and  calcareous  vegetations  which 
extend  over  the  margins  on  to  the  sinus  aspects  and  have  areas  of  contact 
with  the  walls  of  all  three  sinuses  of  Valsalva.  No  organisms  are  found  in  the 
vegetations.  The  vegetations  also  involve  the  commissures,  and  there  is  an 
aneurism  running  up  under  commissure  C  behind  the  wall  of  the  aorta  and 
between  it  and  the  wall  of  the  left  auricular  appendix.  The  coronary 
arteries  arise  normally.  The  aorta  above  the  edges  of  the  sinuses  of  Valsalva 
is  normal  except  for  a  few  patches  of  atheroma  especially  on  the  ridges 
themselves.  Below  the  ridges  there  are  scattered  vegetations  on  the  walls 
of  all  three  sinuses,  most  numerous,  however,  and  most  closely  grouped  in 
the  posterior  sinus,  and  in  each  sinus  the  vegetations  he  witliin  the  areas  of 
contact  of  the  valve  vegetations. 

Through  the  group  of  vegetations  in,  and  about  half  way  down,  the 
posterior  sinus  is  a  very  narrow  longitudinally  lying  hnear  fissure,  2  to  3 
milHmetres  in  length.  Sections  through  this  region  of  the  sinus  wall  show 
that  the  intima  is  enormously  thickened  by  young  connective  tissue  which 
forms  the  base  of  small  organising  vegetations  and  which  is  diffusely 
infiltrated  bj'  polymorphonuclear  leucocytes,  lymphocytes  and  plasma  cells. 
In  parts  the  deeper  layers  of  this  tissue  are  vascularised  by  vessels  extending 
through  the  media,  and  these  vessels  are  surrounded  by  collections  of  inflam- 
matory cells  of  the  same  types.  Beneath  this  tliickening,  the  sui:)erficial 
elastic  laminae  run  unbrokenly,  but  they  are  opened  out  and  appear  separated 
by  young  connective  tissue  cells.  The  middle  and  deep  parts  of  the  media 
are  very  vascular  and  much  infiltrated  by  inflammatory  cells  which  arc 
most  densely  grouped  around  the  vessels.  The  adventitia  under  this  region 
is  thick  and  dense,  and  is  very  vascular.    It  is  infiltrated  in  a  similar  manner 

*  Previously  tabulated  as  Case  20, 
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and  shows  deposits  of  haemosiderin.  The  vessels  show  all  degrees  of 
obhterative  endarteritis.  The  fissure  extends  through  the  thickened  surface 
layer  and  halfway  through  the  elastic  laminEe  of  the  media  where  it  exjDands 
slight!}^  and  is  filled  by  recent  blood  clot.  Its  walls  are  covered  with  a  thin 
layer  of  necrotic  material,  in  which  the  severed  elastic  laminae  end. 

As  the  remaining  four  cases  in  this  section  (cases  l()-i:J)  have  alreadj' 
been  fully  reported,  only  the  relevant  details  require  to  he  added.  They  were 
admitted  with  full  physical  signs  of  subacute  infective  endocarditis,  a 
diagnosis  which  was  confirmed  post-mortem.  The  disease  in  each  instance 
involved  the  aortic  and  mitral  valves  while  the  valves  of  the  right  heart 
and  the  i:)ulmonary  artery  were  normal.  Xo  organisms  were  to  be  seen  in 
sections  of  the  vegetations. 


The  aortic  valve  (Fig.  5)  is  congenitally  bicuspid,  commissure  A  being 
reduced  to  a  smooth  low  ridge  and  the  right  and  left  anterior  cusps  thrown 
into  one.  The  edge  of  the  combined  cusp  is  thickened  and  smooth,  and 
there  are  large  flat  vegetations  attached  to  its  ventricular  surface  about  its 
middle.  These  vegetations  here  extend  over  the  margin  a  little  way  on  to 
the  sinus  side  of  the  cusp  and  between  tliis  point  and  commissure  B  there  is  a 
pendidous  vegetation  17  mm.  long,  attached  to  the  cusp  margin.  The 
posterior  cusp  is  similarly  tliickened  and  it  is  torn  about  its  middle.  Large 
flat  vegetations  are  also  attached  to  its  ventricular  surface  and  to  the  anterior 
margin  of  the  tear.  The  vegetations  are  firmly  attached  and  tough.  On 
section  they  are  seen  to  be  considerably  organised  from  their  bases  ;  they 
contain  many  deposits  of  Ume  salts  and  no  organisms  are  to  be  found  in 
them.  On  the  base  of  the  aorta,  above  and  to  the  right  and  left  of  com- 
missure A,  are  two  small  tri-racUate  fissures  (Fig.  5  /,  /),  each  about  2  mm. 
long  and  0-5  mm.  wide.  The  intimal  siu-face  round  these  lesions  appears 
sUghtlj'  roughened,  but  elsewhere  the  aorta  and  sinuses  of  Valsalva,  except 
for  a  few  small  and  scattered  atheromatous  patches,  are  smooth  and  normal 
in  appearance.  The  end  of  the  long  pendulous  vegetation  when  tilted 
upwards  comes  into  apposition  with  the  two  fissures.  There  are  no  lesions 
in  the  posterior  sinus,  although  the  valvular  vegetations  on  the  posterior 
cusp  have  an  area  of  contact.  Serial  sections  were  cut  of  both  fissures  and 
adjoining  aortic  wall.  In  parts  the  intima  has  disappeared  lea\'ing  a  necrotic 
area  in  which  the  superficial  elastic  laminae  of  the  media  are  exposed.  In  the 
other  parts  the  intima  is  irregularly  thickened  by  a  growth  of  young 
connective  tissue,  the  cells  of  which  are  arranged  more  or  less  parallelly. 
Attached  to  the  surface  here  and  there  are  tags  of  thrombotic  material,  in 
wliich,  however,  no  organisms  are  to  be  found.  The  internal  elastic  lamina 
extends  for  the  most  part  unbrokenly  beneath  this  new  connective  tissue, 
but  occasionally  it  and  the  underljnng  superficial  laminae  are  penetrated  and 

*  Previously  reported  as  Case  10  (Fig.  22). 
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interrupted.  The  connective  tissue  varies  in  age  ;  in  parts  it  consists  of 
succulent  fibroblasts,  while  in  others  it  is  denser  and  older  and  pervaded  by 
fine  elastic  fibrils,  the  whole  appearance  being  that  of  healing  vegetations 
in  various  stages  of  organisation. 

The  aortic  media  shows  a  considerable  patchy  disturbance  due  to 
collections  of  young  connective  tissue  cells  together  with  a  few  lymphocytes 
lying  between  and  separating  and  even  interrupting  the  elastic  laminae. 
Usually  small  blood  vessels  are  to  be  seen  in  these  areas,  and  many  vessels 
enter  the  media  from  the  adventitia  penetrating  about  half  its  thickness. 
There  is  a  general  increase  in  the  connective  tissue  elements  between  the 
elastic  laminae,  and  many  of  the  cells  and  muscle  fibres  show  granular 
degeneration.  There  is  also  a  diffuse  but  sparse  infiltration  with  lymphocytes. 
The  adventitia  also  is  more  vascular  than  normal  and  is  infiltrated  with 
lymphocytes  and  plasma  cells.  Many^of  the  vessels  show  proUferation  of  the 
intimal  lining  up  to  actual  obHteration  of  their  lumina,  and  some  of  them 
are  surrounded  by  lymphocytic  collections.  There  is  also  some  i)rohferation 
of  the  adventitial  connective  tissue  specially  at  its  junction  with  the  media 
where  in  parts  it  resembles  granulation  tissue.  Through  this  inflamed  and 
degenerate  area  two  fissures  extend,  the  one  almost,  and  the  other  com- 
pletely, through  the  media  at  their  deepest  jDarts.  They  are  V-shaped  in 
section,  their  margins  sUghtly  irregular  and  covered  with  a  thin  amorphous 
layer  of  necrotic  material  staining  a  bright  red  with  eosin  and  in  which  the 
elastic  laminae  of  the  media  are  sharply  broken  off.  They  are  otherwise 
unlined  except  about  the  centre  of  the  left  hand  crack  where  a  healing 
vegetation,  which  lies  on  the  surface,  extends  a  Uttle  way  down  into  the 
fissure.  No  organisms  can  be  found  in  the  serial  .sections  or  in  the  valve 
vegetations. 

CASE  11.* 

The  aortic  valve  is  severely  diseased  and  is  congenitally  bicuspid.  The 
aorta  and  sinuses  of  Valsalva  above  the  thickened  bases  of  the  cusps  are  seen 
to  be  free  from  disease  except  about  the  middle  of  the  posterior  sinus  where  a 
small  vegetation  is  seated,  and  along  the  lower  edge  of  which  runs  a  minute 
fissure  partly  overhung  by  the  vegetation  (seen  immediately  below  the  A  of 
L.  A.  in  Fig.  20  of  previous  report).  Tliis  fissure  and  vegetation  are  covered 
by  the  projecting  vegetation  attached  to  the  margin  of  the  left  anterior  cusp. 
Serial  sections  of  the  sinus  wall  containing  the  fissure  show  on  the  intimal 
surface  several  low  vegetations  which  are  almost  completely  organised  by 
young  connective  tissue,  and  which  involve  only  the  intimal  layer  of  the 
sinus  wall  without  penetrating  the  elastic  laminae  of  the  media.  The  media 
itself  is  diffusely  but  sparsely  infiltrated  with  inflammatory  cells,  chiefly 
lymphocytes.      The    adventitia    is    thickened    and    much    more    densely 


*  Prei'iously  reported  as  Case  8. 
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infiltrated  ^vdtli  lymphocytes  and  plasma  cells.  It  also  shows  scattered 
deposits  of  hemosiderin.  Through  tliis  area  the  fissure  extends,  at  its 
deepest  part,  more  than  half  way  through  the  elastic  laminae  of  the  media, 
but  towards  the  extremities  it  lessens  in  depth  and  is  merged  with  the  surface 
vegetations.  In  section  the  fissure  is  somewhat  crescentic  in  shape  and 
curves  laterally  througli  the  elastic  laminae,  undercutting  a  portion  of  the 
aortic  wall.  Tliis  undercut  portion  projects  slightly  from  the  surface  and  is 
partly  necrotic,  the  elastic  laminae  in  it  being  much  fragmented.  The  fissure 
itself  contains  some  recent  blood  clot  and  it  is  mihned  by  granulation 
tissue,  its  walls  being  formed  of  a  tliin  layer  of  necrotic  material  in  which  no 
organisms  are  found. 

It  is  apparent  from  the  above  description  that  in  each  of  the  four  cases 
the  wall  of  the  aorta  in  the  neighbourhood  of  the  fissures  is  in  a  state  of 
chronic  productive  inflammation.  On  the  surface  the  intima  is  eroded  or  is 
replaced  by  vegetations  in  varying  stages  of  organisation.  The  media  is 
more  or  less  infiltrated  bj-'  mononuclear  cells,  particularly  along  the  line  of 
the  vessels  entering  it  from  the  adventitia.  There  is  also  an  increase  in  the 
number  of  the  connective  tissue  cells  between  the  elastic  lamina?  which 
themselves  may  be  loosened  out  or  even  interrupted,  wliile  there  is  in  places  a 
patchy  degeneration  of  the  muscular  elements.  The  adventitia  is  more 
vascidar  than  normal,  and  many  of  the  vessels  show  obliterative  endarteritis. 
There  is  a  varying  degree  of  prohfe ration  of  the  adventitial  connective  tissue 
and  at  the  same  time  a  diffuse  and  perivascular  infiltration  by  lymphocytes 
and  plasma  cells.  These  appearances  are  exactly  those  which  have  been 
described  for  the  intermediate  type  of  vegetative  lesion,  and  the  relations 
of  the  damaged  areas  to  valve  vegetations  indicates  that  they  have  originated 
in  the  same  manner.  Given  such  an  area  of  the  aortic  wall  damaged  by 
chronic  inflammation,  it  is  not  cUfiicult  to  understand  it  giving  way  under  the 
stress  of  systole  and  producing  the  small  fissures  just  described.  In  adcUtion, 
however,  there  is  another  factor  wliich  may  assist  in  producing  the  rupture. 
For  example,  as  has  been  seen,  in  C.i/^e  10,  the  long  pendulous  vegetation 
attached  to  the  right  anterior  cusp  when  tilted  upwards  covers  the  area  in 
wliich  the  fissures  lie,  and  the  valve  vegetations  are  not  only  firm  and  tough, 
but  also  parth'  calcified.  It  is  possible  that  the  systohc  impact  of  tlie  valve 
vegetation  with  the  base  of  the  aorta  may  not  only  cause  the  area  of  damage 
through  surface  infection,  but  may  later  aid  in  its  rupture.  This  mode  of 
origin  has  been  suggested  by  Libman*  for  small  aortic  aneurisms,  and  has 
been  compared  by  McCrae'  to  the  production  of  a  clean  cut  wound  of  the 
scalp  under  the  impact  of  a  blunt  instrument. 

As  mth  the  vegetative  lesions,  the  following  cases  illustrate  that  mth 
the  fissures  too,  healing  may  take  place,  since  all  transitions  can  be  found 
from  those  just  described  with  raw  sharply  cut  margins  to  those  which  are 
completely  filled  up  by  new  connective  tissue. 
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The  aortic  valve  is  congenitally  bicuspid,  commissure  A  being  absent 
and  both  cusps  encased  in  thick  rough  but  firm  vegetations  which  extend 
for  some  way  down  both  ventricular  and  sinus  aspects  of  the  cusps.  The 
aorta  above  the  sinuses  seems  to  be  normal,  but  both  sinuses  of  V^alsalva 
are  much  diseased  in  their  upper  parts,  the  surface  being  eroded  or  occupied 
by  vegetations.  In  the  posterior  sinus  a  small  fissure  is  seen  near  the  cusp's 
attachment.  In  the  combined  sinus  between  the  mouths  of  the  coronary 
arteries  is  a  vertical  fissure  5  mm.  long  surrounded  by  small  protuberances, 
which  on  section  are  found  to  be  almost  comj)letely  organised  vegetations. 
The  media  in  tliis  region  shows  the  patchy  disturbance  already  described, 
and  the  vessels  entering  it  from  the  adventitia  are  surrounded  by  lympho- 
cytes and  fibroblasts.  In  the  adventitia  is  a  diffuse  and  perivascular  infil- 
tration by  lymphocytes  and  j^lasma  cells,  and  many  of  the  vessels  show  a 
considerable  degree  of  obliterative  endarteritis.  The  fissure  which  passes 
across  this  area  is  wider  than  it  is  deep,  and  extends  about  one-third  through 
the  medial  coat  of  the  wall.  Its  base  is  flat,  its  sides  somewhat  convex  and 
its  lower  angles  slightly  undercut  the  elastic  lamina?  which  appear  sharply 
cut  across.  So  far  the  description  agrees  with  that  of  the  other  fissures,  but 
in  this  instance  the  breach  is  lined  and  partly  filled  up  with  a  growth  of 
young  connective  tissue  continuous  with  that  of  the  intima  and  the  vege- 
tations ujion  it. 

CASE   13.t 

The  aortic  valve  (Fig.  (i)  is  congenitally  bicuspid,  commissure  A  being 
absent.  The  posterior  cusp  on  its  ventricular  surface  is  covered  with 
vegetation  which  extend  on  to  its  sinus  aspect  towards  commissure  C,  and 
which  there  have  an  area  of  contact  with  the  wall  of  the  posterior  sinus. 
In  tliis  area  of  the  sinus  wall,  which  is  elsewhere  free  from  disease,  there  is  a 
small  group  of  vegetations  across  which  a  small  vertical  fissure  extends.  The 
combined  right  and  left  anterior  cusps  are  almost  entirely  replaced  by  masses 
of  vegetations  partly  calcified  and  for  the  most  part  in  an  advanced  state  of 
organisation.  The  sinus  wall  behind  this  cusp  is  much  diseased.  Below  the 
mouth  of  the  right  coronary  artery  is  the  smooth  and  rounded  opening  of  a 
sinus  aneurism  (A'^)  about  2  cm.  in  depth  containing  laminated  clot  and 
burrowing  into  the  muscle  of  the  infundibulum.  Below  the  orifice  of  the 
left  coronary  artery  is  a  second  aneurism  (A^)  complex  in  outline  partly 
filled  with  clot,  and  projecting  into  the  space  between  aorta  and  left  auricular 
appendix.  Running  down  the  centre  of  the  sinus  is  a  series  of  small  fissures  (/) 
composed  of  a  main  vertical,  irregularly  linear  fissure  from  which  lateral 
branches  extend. 


*  Case  12  and  Fig.  24  of  previous  report, 
f  Roporto(i  previously  as  Case  7  (Kifr    Ifl)- 
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The  series  of  fissures  in  the  combined  sinus  is  interesting  in  that  it  sliows 
a  combination  of  the  Uned  and  unlined  conditions.  In  serial  sections  the 
main  vertical  fissure  extends  almost  completely  through  the  elastic  lamina\ 
but  its  lumen  is,  except  for  a  narrow  channel,  completelj^  filled  by  a  growth 
of  young  connective  tissue,  the  cells  of  which  are  not  yet  arranged  in  parallel 
rows,  but  are  for  the  most  part  vertical  to  its  surface.  The  subsidiary 
fissures  extending  from  it  are  unlined  by  connective  tissue  and  their  margins 
are  covered  with  the  thin  necrotic  layer  described  in  previous  cases.  The 
transition  from  the  one  picture  to  the  other  is  sharp  and  is  illustrated  in 
Fig.  10.  The  intimal  surface  in  the  neighbourhood  of  the  fissures  is  eroded 
and  necrotic,  in  places  the  internal  elastic  lamina  is  absent  and  the  under- 
lying elastic  fibres  are  exposed.  As  in  the  other  cases  the  media  {Am.)  and 
adventitia  {Ad.)  are  greatly  disturbed.  Round  the  lined  fissure  {p)  large 
numbers  of  fibroblasts  and  inflammatory  cells  lie  between  the  elastic  laminae, 
which  are  opened  out  and  separated,  but  in  the  case  of  the  unlined  fissure  (/'-) 
tliis  condition  is  almost  absent.  The  media  generally  shows  the  patchy 
disturbance  described  above  and  is  diffusely  infiltrated  with  lymphocytes. 
The  adventitia  beneath  is  dense  and  vascular,  and  many  of  the  vessels  show 
obhterative  endarteritis.  It  contains  many  fibroblasts,  lymphocytes  and 
plasma  cells,  all  of  wliich  are  specially  grouped  round  the  smaller  blood 
vessels.  The  central  Uned  fissure  is  apparently  the  older  lesion  in  which 
healing  is  taking  place  and  the  unUned  fissures  are  more  recent  lateral 
extensions.  The  diseased  area  of  the  posterior  sinus  wall  shows  the  same 
advanced  grade  of  chronic  inflammation,  and  the  vegetations  are  flat  and 
considerably  organised.  The  fissure  there  extends  through  one-t!iird  of  the 
thickness  of  the  elastic  media  and  is  fined  and  partly  filled  up  by  young 
connective  tissue.  Ljing  to  one  side  of  this  fissure  and  parallel  to  it  is  another 
linear  breach  of  the  media  which  was  not  visible  to  the  naked  eye.  It  is 
deepest  at  its  centre,  fades  off  towards  its  extremities  and  is  entirely  filled 
by  connective  tissue  (Fig.  12).  At  its  centre  almost  the  entire  thickness  of 
the  media  is  penetrated,  only  the  fragmented  remains  of  the  deejDest  lamina; 
being  found  across  the  base  of  the  scar.  The  ends  of  the  severed  laminae 
are  also  somewhat  fragmented  and  the  more  superficial  ones  are  curved 
inwards  over  the  deeper.  The  connective  tissue  filfing  the  gap  is  denser 
at  its  base  and  pervaded  by  fine  elastic  fibrils,  but  superficially  it  is  looser 
and  composed  of  succulent  fibroblasts.  This  fissure  represents  a  much 
later  stage  of  heaUng  and  is  comparable  to  the  healed  vegetations  earlier 
described. 

It  remains  to  be  added  that  microscopical  examination  of  the  jjulmonary 
arteries  and  the  healthy  portions  of  the  aorta  and  sinuses  of  these  six  cases 
showed  no  significant  changes. 

Thus  the  fissures  have  been  brought  into  fine  with,  and  are  to  be 
considered  as  a  result  of,  the  vegetative  lesions,  wliich  in  these  additional 
cases  also  seem  to  have  arisen  from  surface  infection. 
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ANEURISMS     OF     AORTA. 

Aneurisms  have  been  found  in  5  of  the  15  cases  showing  inflammatory 
lesions  in  the  aorta  and  sinuses.  As  with  the  vegetations,  so  with  the 
aneurisms,  the  api^earances  vary  greatly  according  to  the  severity  of  the 
infection  and  the  degree  of  repair  which  has  taken  place.  Case  14  is  an 
illustration  of  the  more  acute  type  of  aneurism. 


CASE  14. 

C.  G.,  a  warehouseman,  aged  28,  was  admitted  to  liospital  on  tlie  29th  of  January,  1923, 
diagnosoii  subacute  infective  endocarditis.  Always  healthy,  lie  served  in  the  war  as  a  fit  man  and 
was  interned  in  Holland  from  19141918.  In  August,  1922,  he  liad  an  attack  of  "  influenza" 
with  pain  in  the  limbs,  and  afternards  suffered  from  palpitation  and  breathlessness  on  exertion, 
together  with  swelling  of  the  ankles. 

On  aflmzssioii  he  show^ed  signs  of  vonous  congestion  with  enlargement  of  the  liver.  He  was 
pale,  the  fingers  were  very  slightly  clubbed  and  the  spleen  was  palpable.  The  heart  was  slightly 
enlarged,  a  diastolic  murmur  was  heard  near  the  apex  and  base  and  the  pul.se  was  water-hammer 
in  type.  The  urine  contained  albumen  and  red  blood  cells.  A  blootl  culture  yielded  a  growtli 
of  streptococci.  The  temperature  was  irregular,  rising  occasionally  to  102  degrees,  but  remaining 
mostly  between  99  degrees  and  101  degrees  with  frequent  remissions.  The  patient  remained  in 
much  the  same  condition,  complaining  of  pains  all  over  the  body.  In  the  beginning  of  April 
liis  throat  became  very  sore  and  there  was  a  thick  yellowish  fluid  discharged  from  his  left  ear. 
Signs  of  pneumonia  developed  and  he  died  on  the  6th  of  April,  1923. 

Pathological  changes. 

There  is  a  quantity  of  clear  fluid  in  each  pleural  cavity  and  the  lower  lobes  of  both  lungs  are 
consoUdated.  The  spleen  is  enlarged  and  contairLs  several  infarcts.  The  kidneys  are  enlarged  and 
have  the  pale  swollen  fatty  appearance  of  parenchymatous  nephritis.  On  the  right  kidney  is 
an  old  infarct.  The  larynx  shows  several  small  superficial  ulcers  and  the  middle  ear  on  the  left 
side  contains  pus.  The  h-eart  weighs  378  grammes.  The  pidmoiuiry  artery  and  valves  of  the  right 
ventricle  are  normal.  Ihere  are  vegetations  on  both  surfaces  of  the  aortic  flap  of  the  mitral 
valve. 

The  aoriic  valce  is  bicusjjid,  commissure  A  being  represented  by  a  fibrous 
ridge  and  tlie  right  and  left  anterior  cusjxs  thrown  into  one.  There  are  nu- 
merous vegetations  along  the  margins  and  hnes  of  apposition  of  the  combined 
cusps,  and  in  the  region  of  the  fused  commissure  these  are  pendulous.  The 
sinus  walls  behind  these  cusps  are  healthy,  but  just  above  the  ridge  of  the 
left  anterior  sinus,  a  Uttle  above  and  to  the  left  of  commissure  A,  is  the  mouth 
of  an  aneurism  0-5  cm.  in  diameter  with  fissured  edges  and  surrounded  bj' 
low  vegetations.  There  are  a  few  small  vegetations  also  round  the  orifice  of 
the  left  coronary  artery.  The  aneurism  and  vegetations  are  covered  by  the 
pendulous  vegetations  on  the  valve  when  they  are  tilted  into  their  systolic 
position.  The  posterior  cusp  is  tliickened  and  there  are  low  vegetations  on 
nearly  the  whole  of  the  ventricular  sui-face.  These  extend  on  to  the  sinus 
side  of  the  cusp  towards  commissure  C,  and  have  an  area  of  contact  on  the 
sinus  wall  just  below  the  ridge  of  the  sinus.  Here  He  several  small  vegetations. 
The  sinuses  of  Valsalva  and  the  aorta  elsewhere  are  healthy  except  for  a  few 
scattered  atheromatous  depo.sits.  Numerous  gram  positive  cocci  are  present 
in  all  the  lesions.  Microscopically,  the  aperture  in  the  aorta  is  foimd  to  lead 
into  a  shallow  irregular  aneurism  undercutting  the  media.    The  sac  wall  is 
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formed  mainly  bj-  thickened  adventitia  and  the  prolongations  of  the  cavity 
are  filled  by  recent  blood  clot.  In  some  parts  the  wall  is  necrotic  and  breaking 
down  and  contains  numerous  organisms  ;  in  the  other  an  active  process  of 
repair  is  going  on,  as  evidenced  by  the  vascularity  and  the  presence  of  succulent 
fibroblasts.  Frequent  giant  cells  are  also  to  be  seen  in  this  granulation 
tissue.  The  wall,  as  a  whole,  is  diffusely  infiltrated  by  jDolyraorphonuclear 
and  mononuclear  leucocytes  together  with  very  numerous  plasma  cells.  The 
mouth  passes  through  tlie  severed  elastic  lamina?  of  the  media  which  are 
curved  over  inwards  towards  the  sac  and  covered  by  a  low  growth  of  con- 
nective tissue  necrotic  in  parts  and  here  containing  organisms.  The  intima 
surrounding  the  mouth  is  tliickened,  and  on  it  are  seated  low  vegetations 
which  erode  the  superficial  laminae  and  are  partially  organised  from  their 
bases.  The  surfaces  of  these  vegetations  contain  numerous  clumps  of  cocci. 
The  aortic  wall  beyond  this  area  is  healthy. 

In  this  case  there  is  no  need  to  look  to  emboUsm  of  the  vasa  vasorum  as 
the  factor  underlying  the  formation  of  the  aneurism.  Like  the  other  lesions 
described,  it  Ucs  witliin  the  area  of  contact  of  a  valvular  vegetation  and  the 
histological  appearances,  as  will  be  seen  from  Case  17,  in  which  there  is  a  very 
similar  aneurism,  are  (juite  compatible  with  a  further  stage  of  the  evolution 
of  a  vegetative  lesion  where  infection  has  the  upper  hand. 

The  two  aneurisms  described  in  Case  13  present  a  somewhat  similar 
picture,  but  in  tliis  instance  there  is  a  greater  degree  of  healing.  Sections  of 
the  mouth  and  wall  of  the  aneurism,  marked  A^  (Fig-  '^),  shows  that  it  is 
composed  of  firm  old  standing  fibrous  tissue  diffusely  infiltrated  with 
mononuclear  leucocytes  and  i^ervaded  by  fine  elastic  fibrils.  The  laminated 
clot  which  lines  it  is  partially  organised,  and  the  intima  surrounding  the 
mouth  of  the  aneurism  is  irregularl}'  thickened  by  new  connective  tissue. 
No  organisms  can  be  found  in  this  lesion.  In  this  case  also  the  aneurisms 
lie  within  areas  of  contact,  and  their  association  with  other  lesions  in  the 
same  situation  indicate  their  origin  from  surface  infection.  These  two 
aneurisms  correspond  to  the  usual  description  of  the  so-called  "  chronic  " 
mycotic  aneurisms.  They  can  be  considered  either  as  representing  a  later 
and  heaUng  stage  of  an  acute  aneurism  hke  that  just  described,  or  as  having 
been  "  chronic  "  from  their  commencement.  This  latter  origin  is  suggested 
by  their  association  in  Case  13  with  fissures  of  the  .sinus.  The  conditions 
found  in  the  fissured  lesions  are  all  that  are  necessary  for  the  formation  of 
an  aneurism  ;  indeed  the  fissures  themselves  might  be  classified  under  this 
term,  and  it  is  obviously  possible  that  the  aneurisms  may  have  arisen  by  a 
extension  of  similar  breaches  of  the  sinus  wall,  or  as  a  result  of  the  giWng 
way  of  the  scars  which  have  also  been  described. 

Two  further  ca.ses  were  found  to  display  aneurisms  in  the  sinuses  of 
Valsalva. 
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CASE   15.* 


W.  A.,  a  builder,  aged  38,  was  admitted  to  hosjjital  on  tlio  1 7th  of  May,  1920,  diagnosed 
subacute  infective  endocarditis.  Previously  healthy,  except  for  an  attack  of  rlieumatic  fever 
13  years  before,  he  enlisted  in  1916,  and  was  discharged  in  1919  on  account  of  a  bidlet  wound  in 
right  forearm.  During  his  service  lie  had  frequent  attacks  of  precordial  i)ain.  especially  on 
exertion,  and  this  had  recently  become  worse  ;  in  addition  he  suffered  from  violent  attacks  of 
vomiting  with  pain  over  the  epigastriiun. 

On  admission  his  exercise  tolerance  was  poor  and  the  veins  of  the  neck  were  full.  He  was 
pale,  his  fingers  %vere  clubbed  and  the  spleen  palpable.  The  heart  was  enlarged  and  systolic 
and  diastolic  murmurs  were  audible  over  the  apex  and  base.  The  Wassermann  reaction  was 
negative  and  blood  cultures  remained  sterile.  The  red  blood  cells  numbered  5,400,000  percmm.. 
the  ha?moglobin  percentage  was  50  and  the  colour  index  0-5.  The  leucocyte  count  was  3,500 
per  cmni..  The  urine  contained  albumen  and  red  blood  cells.  There  was  an  irregular  low  pyrexia, 
and  the  fuither  course  of  the  illness  was  marked  by  increasing  heart  failure  from  which  the 
patient  died  on  the  29th  .\ugust,  1920. 


Palholoyical  cha M/a. 

Both  lungs  are  congested  and  cedematous  and  the  liver  shows  nutmeg  change.  The  kidneys 
are  congested  and  of  a  mottled  appearance,  but  are  not  infarcted.  The  spleen  shows  one  large  old 
infarct.  The  heart  is  enlarged,  the  left  ventricle  especially  being  hypertrophie<l.  The  pulmonary 
artery  and  valves  of  the  left  heart  are  normal.  The  mitral  and  aortic  valves  are  extensively 
involved  by  vegetations. 

The  left  anterior  cu.sp  of  the  aortic  valve  (Fig.  3)  is  thickened  especially 
in  the  left  two-thirds  of  its  margin.  The  ventricular  surface  of  the  right 
third  is  covered  with  vegetations  which  do  not  extend  to  the  sinus  aspect 
of  the  cusp  except  where  they  perforate  the  hne  of  attachment  in  one  small 
area.  The  sinus  of  the  cusp  is  healthy.  Vegetations  cover  the  whole  of  the 
upper  part  of  the  ventricular  and  sinus  surfaces  of  the  right  anterior  cusp 
and  have  an  area  of  contact  on  the  sinus  wall  along  a  level  below  the  mouth 
of  the  right  coronary  arterj',  but  no  lesion  can  be  found  within  it.  The 
posterior  cusp  is  similarly  involved  but  the  vegetations  extend  further  down 
the  sinus  side  and  project  more  from  the  cusp  margin  and  their  area  of 
contact  includes  almost  the  whole  of  the  posterior  sinus  of  Valsalva .  In  this 
sinus  are  scattered  minute  vegetations  (v)  and  the  smooth  rounded  opening 
of  an  aneurism  (a)  wliich  hes  in  the  posterior  part  and  undermines  the 
thickened  cusp.  Numerous  gram  positive  organisms  are  present  on  the 
surfaces  of  the  vegetations.  Microscopically,  the  aneurismal  sac  is  composed 
of  dense  fibrous  tissue  containing  fine  elastic  fibrils,  and  it  is  lined  by  i)artially 
organised  blood  clot.  The  capsule  is  continuous  with  the  greatly  thickened 
intima  surrounding  the  mouth  on  which  there  are  low  vegetations,  and 
beneath  wliich  the  elastic  fibres  of  the  media  of  the  sinus  wall  are  curved  over 
inwards.  At  various  points  in  the  capsule  an  active  inflammatory  process 
is  going  on  and  organisms  are  found  in  large  numbers  in  the  outer  layers  of 
blood  clot  in  the  sac. 

As  the  next  case  has  already  been  fully  described  and  figured,  additional 
details  only  are  given. 

*  Previously  tabulated  as  Case  18. 
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CASE   It).* 

F.  v.,  a  male,  agocl  33,  was  ailmitted  with  full  pliysical  signs  of  subacute  infective  endorarflitis 
ami  this  diagnosis  was  confirmed  at  autopsy.  The  pulmonary  artery  is  normal  ami  the  valves  of 
the  right  ventricle  present  no  significant  change.    There  are  a  few  vegetations  on  the  mitral  valve. 

The  combined  right  anterior  and  posterior  cusps  of  the  congcnitally 
bicuspid  aortic  valve  are  covered  ■\\ith  calcified  projecting  vegetations  and 
having  an  area  of  contact  along  the  upper  part  of  the  combined  sinuses.  In 
the  posterior  part  of  the  combined  sinus  there  is  the  mouth  of  a  shallow 
aneurism  lying  near  the  base  of  the  cusp  towards  commissure  C.  Elsewhere 
the  sinus  wall  is  apparently  normal,  but  serial  .sections  of  the  area  of  contact 
reveal  the  presence  of  scattered  low  healing  and  healed  vegetations.  One  of 
the  latter  has  been  described  on  page  17  of  this  report,  and  is  illustrated  in 
Fig.  13.  The  left  anterior  cusp  is  perforated  by  vegetations  at  each  end 
just  below  the  margin  and  the  underl^ang  sinus  wall  in  both  areas  shows 
minute  vegetations.  The  aorta  and  sinuses  elsewhere  are  normal  and  no 
organisms  are  found  in  the  vegetations.  These  two  cases  offer  additional 
illustrations  of  vegetative  lesions  within  areas  of  contact  of  valvular  vege- 
tations. The  aneurisms  may  possibly  also  have  arisen  by  contact,  but  their 
situation  close  to,  and  undermining,  the  bases  of  the  cusps  indicates  rather 
that  they  are  due  to  a  direct  extension  by  continuity  of  the  disease  process 
from  the  cusps. 

In  connection  with  the  origiii  of  such  aneurisms  there  is  an  interesting 
point  to  be  noted  in  passing.  Babes^  and  others  have  commented  on  the 
association  between  aneurism  and  a  bicuspid  condition  of  the  aortic  valve 
such  as  is  seen  in  Cases  13  and  16.  In  certain  instances  the  aneurism  has  been 
attributed  to  a  "  Bildungsanomalie  "  and  interpreted  as  confirmatory 
evidence  of  the  congenital  origin  of  the  bicuspid  valve.  For  exami)le,  in  a 
case  described  by  Babes  (Case  3),  in  which  there  was  an  aortic  aneurism  and 
rupture,  the  right  anterior  and  posterior  cusps  were  found  to  be  fused  without 
trace  of  subdivi.sion  while  the  cusps  themselves  were  thin,  transiDarent  and 
elastic.  There  is  no  doubt  that  the  bicuspid  condition  in  tliis  case  was 
congenital,  and  it  seems  quite  po.ssible  that  it  was  associated  with  a  congenital 
defect  in  the  strength  of  the  aortic  wall.  In  a  second  case  (Case  1)  the  truth 
of  his  explanation  is  more  doubtful.  The  patient  was  32  j^ears  of  age  and  died 
of  rupture  of  the  aorta  into  the  pericardium.  The  aorta  is  described  as 
undiseased  but  thin.  The  right  and  left  anterior  cusps  of  the  aortic  valve 
were  united  and  both  showed  deposits  on  them.  It  is  quite  po.ssible,  if  not 
probable,  that  in  tliis  instance  the  rupture  of  the  aorta  was  due  to  previous 
inflammatory  changes  con.sequent  upon  disease  of  the  valves,  for  it  has 
already  been  seen  that  the  aortic  lesion  maj'  be  so  inconspicuous  as  to  be 
discernible  only  microscopically.  It  has  also  been  shown^  that  a  bicuspid 
condition  of  the  aortic  valve  renders  it  pecuUarly  liable  to  bacterial  invasion, 


Case  9,  Fig.  21  of  previous  report. 
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and  these  factors  togetlier  afford  a  very  reasonable  explanation  of  some 
instances  of  the  above  noted  association. 

The  last  case  of  the  series  to  be  recorded  is  particularly  interesting 
because  it  illustrates  in  a  case  of  subacute  infective  endocarditis  a  stage  of 
relatively  acute  invasion  of  the  aorta  and  sinuses  with  the  formation  of 
fissures  and  minute  aneurisms,  these  forming  an  important  connecting  hnk 
between  the  several  lesions  described. 

CASK   17.* 

F.  C,  an  electrician,  aged  44,  was  aclmitt-ed  to  Iiospital  on  tlie  lOtli  of  January,  1922,  suffering 
from  subacute  iitfective  endocarditis.  Having  always  been  healthy  he  enlisted  in  1916,  seried  in 
France,  and  was  demobilised,  feeling  perfectly  fit,  in  April,  1919.  In  October,  1921,  he  began  to 
comj)lain  of  shortness  of  breath  and  palpitation  on  e.xertion,  but  he  continued  at  work  until 
November,  1921,  when  his  sjinptoms  became  worse.  A  month  later  his  right  leg  was  swollen 
from  knee  to  ankle. 

On  admission  the  patient  showed  signs  of  venous  .stasis  with  enlargement  of  the  livor  and 
congestion  of  the  lungs.  He  was  thin,  and  of  a  muddy  complexion,  his  fingers  were  slightly 
clubbed  and  the  spleen  was  palpable.  There  was  a  tender  swelling  on  the  back  of  the  riglit  foot 
and  the  pulse  of  the  right  dorsalis  pedis  was  only  just  perceptible.  Tlie  radial  pulse  was  slightly 
coUajising  and  tlie  heart  moderately  enlarge<l.  A  to  and  fro  murmur  was  heard  at  t)ie  aortic 
cartilage  and  a  rather  indistinct  diastolic  nunble  at  the  ai)ex.  The  Wassermann  reaction  was 
negative.  T  he  red  blood  cells  numbered  2,800,000  and  the  leucocytes  12,700  per  c.mm..  A 
blood  culture  yielded  no  growth.  The  urine  containefl  albumen  and  blood.  With  a  temperature 
of  between  99  degrees  and  100  degrees  Falir.  the  patient's  condition  remained  about  the  same 
until  the  22nd  of  February,  when  he  developed  a  left  hemiplegia  and  died  six  days  later. 

Pathological  ckavge.^. 

Both  linigs  are  congested  and  (edematous  with  .small  area,s  of  bronchopneumonic  consolidation 
at  the  bases.  The  liver  is  conge.st6d  and  shows  early  nutmeg  cliange.  The  spleen  weighs  411 
grammes  and  contains  several  yellow  infarcts.  Both  kidneys  are  slightly  enlarged,  their  capsules 
thickened  and  their  surfaces  smooth  and  mottled.  The  brain  shows  areas  of  softening  of  the 
right  temporal,  frontal,  and  parietal  blobes  and  of  the  basal  ganglia.  About  half  of  the  first  part 
of  the  right  middle  cerebral  artery  is  blocke-d  by  white  clot  and  the  main  branches  beyond  distended 
with  red  thrombus.  The  basal  arteries  are  free  from  disease.  The  right  posterior  tibial  artery 
at  about  its  middle  is  obhterated  and  embedded  in  a  mass  of  fibrous  tissue.  The  hrxirt  weighs 
468  grammes,  both  ventricles  are  hj'pert.rophied  and  dilated.  The  pulmonanj  artery  and  valves 
of  the  right  heart  are  normal.  The  aortic  flap  of  the  mitral  valve  is  very  extensively  diseased, 
the  vegetations  spreading  over  practically  the  whole  ventricular  surface  and  down  the  chordie 
tendinie,  many  of  which  are  cut  across,  the  ends  being  cov'ered  with  vegetations.  Vegetations  are 
present  on  the  auricular  surface  of  the  posterior  flap,  e.xtending  upwards  on  to  the  auricle  and 
downwards  on  to  the  chordfe  tendina;. 

There  are  numerous  large  vegetations  on  the  aortic  valve  (Fig. 7),  of  which 
commissure  A  is  adherent.  The  posterior  cusjj  is  heavily  involved  by  short 
vegetations  on  its  ventricular  surface  continuous  below  with  those  on  the 
aortic  flap  of  the  mitral  valve.  Thej'  also  extend  a  little  way  over  the  margin 
of  the  cusps  on  to  its  ventricidar  surface,  especially  towards  the  commissures, 
and  have  an  area  of  contact  along  the  upper  part  of  the  posterior  sinus  below 
the  ridge.  Here  there  is  a  small  group  of  minute  vegetations  in  the  neighbour- 
hood of  each  commissure  and  the  remainder  of  the  sinus  wall  is  healthy.  At 
the  centres  of  the  margins  of  both  the  right  and  left  anterior  cusps  are  long 
pendulous  vegetations  (Vi,V^),  that  on  the  right  anterior  cusp  having  a  length 

*  Previously  tabulated  as  Case  15. 
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of  2  cm..  The  triangle  below  commissure  A  is  filled  up  by  a  large  mass  of 
pendulous  vegetations.  Both  the  right  and  left  anterior  sinuses  of  Valsalva 
are  free  from  disease,  but  on  their  ridges,  and  on  the  aorta  above  them,  are 
numerous  small  vegetations.  These  are  most  closely  grouped  above  the 
orifice  of  the  left  coronary  artery,  and  in  this  group  of  vegetations  is  seen  the 
stellate  aperture  (/)  of  an  aneurism  2  mms.  in  diameter  ;  to  the  left  of  this 
is  a  .second  aperture  {g)  in  the  form  of  an  irregular  fissure.  The  remaining 
vegetations  are  more  scattered,  and  one  of  them  ((/)  above  and  a  little  to  the 
right  of  commissure  A,  surmounts  a  minute  stellate  break  in  the  aortic  wall. 
The  aorta  elsewhere  is  normal  excej^t  for  a  few  small  scattered  atheromatous 
patches.  All  these  aortic  lesions  lie  witliin  the  area  of  contact  of  the  i^endu- 
lous  vegetations  attached  to  the  right  and  left  anterior  cusps  ;  the  tip  of  the 
long  vegetation  on  the  right  anterior  cusp  when  tilted  up  and  swung  round 
reaches  even  the  outlying  vegetations.  The  vegetation  marked  e  above 
commissure  C  has  already  been  described  on  page  17,  and  is  shown  in  Fig.  11. 
It  is  an  example  of  an  early  surface  lesion,  the  further  development  of  which 
is  illustrated  by  the  neighbouring  vegetations.  In  the  vegetation  marked  h 
the  appearances  are  similar  except  that  the  vegetation  is  larger,  its  centre  is 
necrotic  and  there  is  a  leucocytic  collection  in  the  underlying  media.  At  i 
the  vegetation  has  become  crater-like,  the  superficial  elastic  lamina;  are 
broken  while  the  infiltration  beneath  is  somewliat  denser.  The  adventitia 
also  shows  a  slight  lymphocytic  infiltration,  and  there  is  some  proliferation 
of  its  connective  tissue.  At  1:  more  of  the  sui)erficial  elastic  laminte  have 
been  destroyed  while  the  infiltration  beneath  has  increased  to  the  formation 
of  an  abscess,  which,  however,  does  not  open  to  the  surface  but  is  separated 
from  the  base  of  the  vegetation  hy  a  few  remaining  laminae.  There  is  a 
similar  though  larger  abscess  at  g,  but  here  the  intervening  laminje  have 
given  way  and  it  opens  on  to  the  surface  by  the  fissured  aperture  seen  to 
extend  across  the  group  of  vegetations.  Tliis  fissure  is  lined  by  a  fairly 
thick  layer  of  necrotic  material,  in  which  organisms  are  to  be  seen  and  beliind 
which  the  severed  elastic  laminae  are  sUghtly  curved  over  inwards  towards 
the  abscess.  At  /  a  greater  width  of  the  media  has  given  way,  resulting  in 
the  formation  of  a  small  aneurism  very  similar  to  that  already  described  in 
Case  14.  But  this  case  not  only  illustrates  the  process  of  advancing 
infection  ;  in  other  lesions  heahng  is  iwedominant.  The  minute  protuberance 
marked  /  is  seen  to  be  a  small  vegetation,  the  thrombus  caj)  of  which  has 
been  replaced  by  young  coimective  tissue  consisting  chiefly  of  fibroblasts 
with  a  few  giant  cells.  The  penetration  of  the  media  has  advanced  to  about 
the  same  depth  as  that  illustrated  in  Fig.  11,  but  in  the  present  instance  the 
connective  tissue  is,  if  anything,  younger.  Similarly  with  the  lesion  marked  d. 
The  minute  stellate  opening  (Fig.  14)  is  seen  to  pass  entirely  through  the  elastic 
laminae  of  the  media  beneath  which  it  expands  into  a  triangular  aneurism 
lying  in  the  adventitia  and  which  is  almost  completely  filled  by  recent  blood 
clot  if.b.c).  The  wall  of  the  cavity  {A.w.)  is  completely  fined  by  well 
nucleated  young  connective  tissue,  the  cells  of  which  are  parallelly  arranged. 
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Numerous  very  fine  elastic  fibrils  (e)  are  to  be  seen  in  this  new  tissue.  On  the 
side  of  the  mouth  awaj'  from  the  vegetation  this  connective  tissue  lining 
passes  upwards  over  the  ends  of  broken  elastic  lamina3  {A.  m.)  which  are  here 
bent  over  inwards,  to  become  continuous  with  the  intima.  At  the  other  side 
of  the  mouth  the  lining  tissue  merges  with  the  healing  base  of  a  vegetation, 
on  the  surface  of  which  there  are  numerous  clumps  of  gram  positive  cocci 
(6,  b).  Through  the  vegetation  itself  runs  a  Hnear  fissure,  the  margins  of 
which  are  necrotic  and  which  cuts  off  from  the  aortic  media  a  small  area 
of  the  elastic  laminje  (e)  which,  as  on  the  opposite  side  of  the  mouth,  are  bent 
inwards.  The  media,  especially  near  the  base  of  the  vegetation,  shows  an 
infiltration  of  polymorphonuclear  leucocytes  and  lymphocytes  lying  between 
the  elastic  laminae.  The  adventitia  [Ad.)  is  tliickcned  and  dense  and  contains 
numerous  fibroblasts,  lymphocytes  and  plasma  cells  most  densely  grouped 
round  the  smaller  blood  vessels.  Many  of  the  adventitial  vessels,  specially 
those  wliich  immediately  surround  the  aneurism,  show  an  advanced  degree 
of  obliterative  endarteritis. 

There  is  then,  in  this  case,  a  group  of  lesions  on  the  aorta  such  as  would 
be  interi)reted  according  to  Eppinger  and  others  as  being  of  emboUc  origin. 
They  are  multiple  within  a  circumscribed  area  ;  moreover,  such  a  lesion  as 
that  described  at  g  is  usually  taken  as  almost  typical  of  the  results  of  emboUsm. 
Yet  like  the  lesions  in  the  other  cases  of  the  series  they  lie  within  areas  of 
contact  of  valvular  vegetations,  and  histological  examination  shows  them  to 
be  in  difiFerent  stages  of  development  and  allows  these  stages  to  be  traced 
from  one  to  the  other.  Further,  an  extensive  examination  of  the  aorta 
remote  from  the  lesions  and  of  the  pulmonary  artery  does  not  reveal  any 
deef»-seated  foci  of  inflammation  to  indicate  a  process  of  emboUsm,  and  this 
applies  also  to  the  aorta  and  j^ulmonary  arteries  of  the  other  cases  described 
i!i  this  and  the  foregoing  sections.  This  is  in  agreement  with  McCrae's 
statement,  that  in  his  case  a  series  of  sections  through  the  aorta  failed  to  show 
any  locahsed  areas  of  small  celled  infiltration  in  the  middle  coat  which 
might  indicate  the  earlier  stage  of  infection  without  aneurism  production. 
It  may  be  concluded,  therefore,  that  the  aneurisms  arise  in  a  similar  manner 
to  the  vegetations  and  the  fissures,  and  that  they  are  to  be  regarded  as  a 
further  stage  in  the  development  of  these  lesions. 

GENERAL    REMARKS. 

Putting  together  the  evidence  from  tliis  series  of  cases  it  will  be  seen 
the  inflammatory  lesions  of  the  aorta  and  sinuses  occur  only  in  those  cases 
where  the  valvular  vegetations  have  possible  areas  of  contact  with  the  aorta 
and  its  .sinuses,  and  further  that  the  lesions  all  lie  within  these  areas.  This 
in  itself  is  sufficient  to  indicate  the  casual  relationship  between  surface  contact 
and  infection,  and  is  supported  by  the  histological  examination  of  the  lesions 
themselves.  It  is  evident,  and  has  been  generally  admitted  in  the  past, 
that  the  changes  seen  in  an  advanced  lesion  of  the  aortic  wall,  such  as  an 
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aneurism,  can  be  interpreted  as  either  of  embolic  or  of  surface  origin.  Wlien, 
however,  the  developmental  stages  of  these  advanced  lesions  are  traced,  it  is 
found  possible  to  arrange  them  in  an  orderly  sequence  commencing  with 
minute  surface  vegetations  beneath  wliich  the  media  and  adventitia  are 
undisturbed  and  ending  either  in  a  healed  scar,  a  fissiu-e,  or  in  a  fully  developed 
aneurism.  Also,  although  those  parts  of  the  aorta  and  sinuses  which  were 
superficially  free  from  disease  and  the  wall  pulmonary  artery  have  been 
carefully  examined  by  sections  in  each  case,  no  deep-seated  locahsed  inflam- 
matory changes  have  been  found  in  a  single  instance  ;  that  is  to  say,  the 
whole  picture  presented  by  the  inflammatory  lesions  of  the  aorta  in  the 
series  of  cases  here  presented,  is  compatible  with  an  infection  from  the  lumen 
of  the  aorta  and  not  with  an  infection  arising  by  way  of  the  vasa  vasorum. 
Although  this  series  does  not  include  any  case  in  which  the  aortic  lesions 
lay  beyond  the  range  of  the  valvular  vegetations,  it  has  already  been  seen 
that  such  do  occur,  though  infrequently.  From  the  evidence  given  by  the 
present  series  of  cases  and  from  the  review  of  the  evidence  presented  in  other 
reported  cases,  it  would  seem  that,  while  emboUsm  of  the  coronary  arteries 
must  be  admitted  as  a  possible  and  rare  cause,  in  the  great  majority  of 
eases  the  lesions  arise  by  an  infection  of  the  intima  from  the  lumen  of  the 
aorta. 


Summary  of  aortic  ami  ■■iiniis  lesions  in  15  coses  of  subacute  infective  endocarditis. 


Previously 

Case. 

tabulated 
as  Case. 

Vegetations. 

Fissures. 

Aneurisms. 

3 

19 

Many  in  sinus. 

4 

5 

A  few  in  sinus. 

5 

6 

A  few  in  sinus. 

6 

11 

A  few  in  sinus. 

7 

10 

Several  in  sinus. 

8 

17 

Several  roiind  the 
fissure. 

1  in  sinus. 

9 

20 

Several  in  sinus. 

1  in  sinus. 

10 

10 

Several  round  the 
fissures. 

2  in  aorta. 

11 

8 

One  in  sinus. 

1  in  sinus. 

12 

12 

Many  in  sinus. 

2  in  sinuses. 

13 

7 

Many  in  sinus. 

Several  in  sinuses. 

2  in  .sinuses. 

14 

— 

Several  in  aorta  and 
sinuses. 

1  in  aorta. 

15 

18 

Several  in  sinus. 

1  in  sinus. 

16 

9 

A  few  in  sinus. 

1  in  sinus. 

17 

15 

Many  in  aorta. 

Several  in  aorta. 

2  in  aorta. 

Total  15 

15 

7 

5 

Summary    and   conclusions. 

I.  A  survej'  of  the  present  material  and  of  past  records  shows  that  an 
endocarditis  associated  with  lesions  of  the  aortic  wall  and  its  sinuses  is  usually 
of  the  subacute  infective  type. 
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2.  Hitherto  these  aortic  lesions  have  been  interpreted  variously  as 
arising  either  from  embolism  of  the  nutrient  vessels  of  the  aorta  or  from 
infection  of  the  intima. 

3.  The  evidence  from  previous  cases  tends  to  show  that  although 
embolism  is  a  possible  cause,  intimal  infection  from  the  lumen  of  the  aorta 
is  the  usual  mode  of  origin. 

4.  Illustrative  cases  are  given  in  which  vegetations  on  the  heart  valves 
have  given  rise  by  contact  to  similar  lesions  on  neighbouring  structures. 

5.  An  examination  of  a  series  of  30  cases  of  subacute  infective 
endocarditis  reveals  lesions  of  the  aorta  and  sinuses  in  15. 

6.  These  lesions  are  in  the  form  of  vegetations,  fissures  and  aneurisms, 
and  their  distribution  on  the  surface  of  the  aorta  and  sinuses  leads  to  the 
conclusion  that  they  are  all  due  to  surface  infection  from  contact  with 
vegetations  of  the  aortic  valves. 

7.  Histological  examination  confirms  this  view  and  shows  further  that 
all  intermediate  stages  can  be  traced  from  minute  surface  vegetations, 
beneath  which  the  aortic  wall  is  undisturbed,  up  to  either  a  healed  scar,  a 
fissure,  or  a  fully  developed  aneurism. 

For  Figs.  11  and  14  I  wish  to  express  my  indebtedness  to  Sir  Thomas 
Lewis. 
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Fifi.  1.  (Cii.si-  :.*.)  All  apiiroxiniately  natural  size  |iliot.ograpli  of  the  pulmonary  valve,  showing; 
tlie  elub-sliapcil  vejietatiou  («)  and  the  vegetations  on  the  wall  of  the  inilniouarv  artery  (6). 
The  anterior  and  risiht  and  left  ]iosterior  pusps  are  marked  A,  R.P..  and  L.I'..  respeetively. 


Fig.  2.  (f'aA'c3.)  A  natural  size  photograpli  ot  the  aortic  valve.  Tn  this  and  succeotling  figures 
the  eorresponding  commissures  are  marked  A,  B  and  C  ;  the  right  and  ieft  ooronary  vessels 
R.C.  and  L.C.  respectively,  and  the  left  and  right  anterior  and  posterior  cusps,  L.A.,  R.A., 
and  P.,  re.spectively.  Vis  the  septal  pateh  of  vegetation,  \'-  and  \'"  |)endulous  vegetations 
on  the  posterior  cusp,  and  V^  the  gi-oup  of  vegetations  in  the  posterior  sinus  of  \'alsalva. 
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Fig.  5.     {Case  10.)    A  natural  size  photogi-apli  of  the  congenitally  bicuspid  aortic  valve  showing  the 
pendulous  vegetations  attached  to  tho  cusps  and  the  fissures  in  the  aortic  wall  (/,  /). 


Fig.  6.  (C«.se  13.)  A  photogr.iph  sliglitly  less  than  natural  size  of  tho  contieiiitally  bicuspid 
acrtic  valve.  A'  and  A-  are  aneurisms  of  the  sinus, /=  series  of  fissures  in  the  sinus  wall 
The  vegetations  and  fissure  in  the  posterior  sinus  are  not  seen  in  tliis  photograph. 
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(Ciiai-  17.)    A  pliotograph  of  the  aortic  valve  (  ■  '^  / 1.    V  ami  \ -^|ieiKiiili)iis  vcgetatioiiR 
attaehed  to  the  cusps,  d  to  /  inili<-ate  tlir  \  arioiis  aortic-  lesions. 


Fig.  8.  { Case  8.)  A  pliotograph  (  >.  0  .5)  of  tlie  aortic  valve  sho« ing  the  large  ina.ss  of  vegetations 
on  the  posterior  cusp  V^,  and  the  underlying  fissure  /.  l\  t-,  are  crescentic  endocardial 
tliiekenings  and  n  a  small  nodule  of  atheroma. 
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( Case  -.)    A  pliotograph  of  tlie  aortic  valve  (  •  (i  7)  f'.  /-,  and  t'  arc 
\'  is  the  projeeting  mass  ot  caleitieil  vegetations  on  the  post 


':  Z^. 


Fig.  10-  ( Casi:  13.)  Projeetion  drawing  of  a  section  (  X  40)  across  tlie  main  fissure  at  the  junction 
of  a"  lateral  extension,  f  tlie  main  fissure  is  lined  by  new  connective  tissue  w  lule  the  lateral 
branch,  /'  is  unlined.  Tlie  erosion  of  tlie  intima  and  internal  elastic  lamina  at  the  mouth  of 
tlie  fissure  is  shown  and  also  the  disturbance  of  the  media  (.\.m.)  and  adventitia  (Ad.). 
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FifX.  11.  (CVrsy  17.)  Projertion  drawing  of  a  sci-tion  (  (lli|  ihrough  the  vegetation  inai-kt'il  r  n 
Fig.  7.  Numerous  organisms  (/).  b.  It),  are  seen  on  tlie  sin-face  of  tlie  vegetation  uhicli  i; 
eroding  the  aortic  media  (A.m.).  and  is  being  invaded  by  new  connective  tissue  in  which  lii 
several  giant  cells  {g.  c). 


Fig.  12.  (C«*E  1."?.)  Projection  drawing  of  a  .section  (  X  40)  through  the  healed  (issuro.  The  gap 
in  the  aortic  media  (Am  )  is  filled  up  with  new  comiective  tissue.  There  is  a  small  lymplioeytic 
collection  (/)  at  tlie  base  of  the  scar.   A  =a  recent  luemorrhage  in  the  thickened  mlventitia  (Ad. ). 
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13.  [dtiKc  10.)  Projoetiou  drir.viug  of  a  section  (  X  ,52)  throutrli  a  lioalcd  vegctatimi  in  (lio 
posterior  sinus.  The  breaoli  in  the  aortic  media  is  filled  up  l>y  <i>nuecti\o  ti.ssuo.  l  =  a 
small  lymphocytic  collection  at  the  base  of  the  scar. 
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Fig.  14.  (rV/.si:  17.)  Projection  drawing  of  a  section  {  X  28)  through  the  aortic  lesion  </  of  Fig.  7. 
A.w. —  wall  of  aneurism.  /  =  lymphocytes,  e  =  elastic  fibres.  u  =  nerve,  6  =  organisms, 
c.t.=    connective  tissue.    A.m.  =  aortic  media  and  .\.d.  the  ailvcntitia  . 


THE  REACTION  TO  EXERCISE   OF  THE  HEART  AFFECTED  BY 
AURICULAR   FIBRILLATION.* 

By  HERRMANN  BLUMGART,  of  Boston. 

{From  the    Cardiac   Department,    University   College    Hospital   Medical 
School,  London.) 


The  following  observations  were  undertaken  to  determine  accurately  the 
reaction  of  the  human  heart,  affected  by  auricular  fibrillation,  to  exercise 
and  to  compare  this  reaction  with  that  wliich  is  yielded  by  the  heart  beating 
normally. 

As  is  well  kno^vn,  digitahs  is  capable  of  controlhng  the  resting  ventricular 
rate  in  patients  who  suffer  from  auricular  fibrillation,  diminishing  an  enhanced 
rate  of  beating  when  this  is  jiresent.  A  further  object  of  these  observations 
has  been  to  test  the  control,  if  any,  which  digitalis,  given  in  ordinary 
therapeutic  doses,  may  exert  on  the  rise  of  ventricular  rate  produced  by 
exercise  in  these  patients. 

Observations. 

Comparison  of  auricular  fibrillation  and  normal  rhythm. 

By  means  of  the  polygraph,  the  resting  heart  rates  of  six  normal  control 
subjects  of  ages  similar  to  the  patients,  were  determined  three  times  at  five 
minute  intervals.  The  subject  then  stood  up,  placed  one  foot  on  a  chair 
17  inches  in  height  and  hfted  himself  until  standing  erect  twenty  times, 
repeating  the  exercise  with  the  other  foot.  The  brachial  receiver  remained 
attached  to  the  arm  so  that  when  at  the  cessation  of  exercise  the  patient  lay 
down  the  pulse  rate  could  be  determined  immethately.  Pulse  records  were 
taken  immediately  after  exercise,  and  at  siibsequent  intervals  of  approxi- 
mately one  minute  for  six  minutes  and  subsequently  at  somewhat  longer 
intervals,  each  period  being  of  about  a  half -minute's  duration.  The  results 
of  these  tests  are  shown  in  Table  I,  the  average  curve  being  charted  in  the 
dotted  curve  of  Fig.  \. 

*  Observations  undertaken  on  behalf  of  the  Medical  Research  Council. 
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TABLE    I. 
Heart  rates  of  six  normal  control  siifijcrls. 




Time  before 
exercise. 

Time  after  exercise. 

15' 

10' 

5' 

0'  10" 

1'20" 

2' 30" 

3'  40" 

4' 50' 

6'  00" 

7'  40" 

9'  20" 

11' 00' 

12'  40' 

Case  I 

95 

90 

90 

116 

93 

89 

91 

91 

91 

91 

88 

90 

87 

Case  2 

82 

84 

81 

102 

92 

87 

89 

87 

89 

88 

83 

81 

86 

Case  3 

80 

83 

77 

102 

90 

83 

83 

82 

84 

81 

81 

79 

79 

Case  4 

78 

73 

73 

100 

88 

79 

77 

75 

81 

77 

75 

77 

78 

Case  5 

73 

67 

73 

100 

88 

79 

73 

71 

73 

74 

74 

74 

76 

Case  6 

72 

78 

69 

97 

82 

69 

69 

69 

69 

69 

73 

74 

69 

Aver. 

rate 

80 

79 

77 

103 

89 

88 

80 

79 

81 

80 

79 

79 

78 

A  series  of  nine  patients  showing  auricular  fibrillation  and  little  or  no 
cardiac  enlargement  and  no  signs  of  failure  was  similarly  investigated.  In 
order  to  obtain  accurate  readings  of  ventricular  rate,  electrocardiographic 
records  were  used  in  this  series,  the  curves  being  taken  by  means  of  direct 
chest  leads  according  to  the  method  described  by  Drury  and  Iliescu^. 
Exercise  was  performed  with  the  electrodes  strajjped  in  place  so  that  the 
first  records  could  be  taken  not  later  than  five  to  ten  seconds  after  exercise 
ceased.  The  results  of  these  tests  are  shown  in  Table  II,  the  average  curve 
being  charted  in  Fig.  1  (black  circles  and  continuous  hne).     The  conspicuously 
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TABLE  II. 

Heart  rates  in  cases  of  auricular  fibriUation. 

Uxdiyttalised. 




Tirao  before 
exercise. 

Time  after  exercise. 

15' 

10'  1  5' 

O'lO' 

r20' 

2' 30' 

3' 40" 

4' 50" 

6' 00" 

7' 40" 

9'  20" 

U'OO" 

12'  40" 

Case! 

92 

86 

86 

130 

107 

97 

96 

98 

104 

Cases 

100 

109 

108 

182 

129 

112 

110 

117 

111 

110 

112 

114 

105 

Cac^  9 

87 

95 

95 

1S8 

112 

91 

90 

98 

104 

90 

102 

93 

87 

CatelO 

84 

84 

75 

135 

122 

102 

96 

96 

94 

98 

92 

88 

86 

Casell 

129 

115 

111 

182 

149 

124 

116 

117 

137 

120 

124 

118 

117 

Case  12 

93 

94 

94 

129 

104 

96 

93 

97 

90 

87 

87 

90 

94 

Case  13 

Ho 

112 

118 

165 

136 

129 

124 

122 

126 

128 

Caseli 

107 

104 

104 

177 

155 

143 

147 

142 

140 

142 

144 

142 

138 

Case  13 

112 

112 

114 

144 

142 

124 

131 

125 

133 

133 

133 

137 

132 

Aver, 
rate 

102 

102 

100 

156 

117 

113 

111 

112 

115 

113 

113 

112 

109 

Vigitalised. 




Time  before 
exercise. 

Time  after  exercise. 

15' 

10' 

5' 

O'lO* 

1'20' 

2' 30" 

3' 40" 

4' 50" 

6' 00" 

7' 40' 

9' 20"  11'  00" 

12' 40" 

Case! 

76 

76 

76 

124 

96 

90 

90 

90 

86 

82 

84 

84 

84 

Cases 

76 

64 

68 

141 

89 

79 

74 

78 

73 

74 

66 

76 

66 

Case  9 

68 

66 

73 

130 

89 

82 

76 

86 

79 

80 

82 

72 

77 

CaselQ 

58 

64 

66 

125 

90 

82 

83 

68 

63 

78 

74 

75 

70 

Casell 

80 

81 

82 

134 

108 

102 

88 

88 

86 

92 

88 

81 

83 

Case  12 

86 

78 

79 

135 

104 

90 

80 

74 

82 

78 

76 

76 

77 

Casel3 

93 

96 

93 

153 

118 

108 

102 

105 

101 

102 

105 

89 

90. 

Caseli 

85 

83 

81 

162 

119 

HI 

113 

116 

110 

109 

113 

108 

100 

Caselo 

96 

98 

103 

152 

122 

113 

112 

110 

112 

114 

118 

114 

108 

Aver, 
rate 

79 

78 

79 

139 

102 

95 

91 

86 

88 

93 

87 

86 

84 
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increased  ventricular  rate  occurring  in  response  to  a  test  exercise  in  the 
patients  affected  by  auricular  fibrillation  sharply  contrasts  with  the  relatively 
small  rise  observed  in  the  normal  subjects.  The  resting  rate  in  the  cases  of 
auricular  fibrillation  averaged  twenty  or  more  beats  above  that  of  the  normal 
controls  ;  the  rise  of  rate  after  exercise  was  approximately  double  that 
exhibited  by  the  normal  subjects.  This  susceptibility  of  the  ventricle  in 
cases  of  fibrillation  of  the  auricles  to  respond  in  an  exaggerated  fashion  is 
largely  responsible  for  the  distress  occasioned  by  exercise  in  such  patients. 

It  is  to  be  noted  that  the  comparison  here  in.stituted  is  between  healthy 
men  who  exhibit  a  normal  heart  rhythm,  and  unhealthy  men  who  exhibit 
fibrillation  of  the  auricles  ;  it  is  not  to  be  assumed  that  the  patients  are 
normal  in  respect  to  anything  but  the  disordered  heart  mechanism.  To 
obtain  a  more  strictly  controlled  comparison   between  the  reaction  of  a 
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heart  exhibiting  normal  rhythm  and  that  affected  by  fibrillation  of  the 
auricles  to  a  standard  exercise,  a  fresh  series  of  patients  was  tested  before 
and  after  successful  treatment  with  quinidine  suljjhate  ;  that  is  to  say, 
while  fibrillation  of  the  auricles  and  while  normal  rhythm  i>revailed.  A 
period  of  at  least  twenty-four  hours  elapsed  between  the  last  dose  of  quinidine 
and  the  test.  These  results  are  given  in  Table  III,  and  the  average  curves 
are  plotted  in  Fig.  2. 

It  will  be  noticed  in  Fig.  1  that  the  rate  of  the  normal  ventricle  falls  to 
normal  within  four  minutes  of  the  end  of  exercise.  In  the  corresponding 
group  of  fibrillation  ca.ses,  the  rate  is  still  elevated  at  the  end  of  twelve 
minutes.  This  difference,  however,  is  not  the  result  of  a  difference  in  heart 
mechanism  as  the  further  observations  summarised  in  Fig.  2  clearly  indicate. 
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TABLE   III. 

Heart  rcAes  in  cases  oj  auricular  fibrillation. 

Befotc  conversion  to  normal  rhythm. 




Time  before 
exercise. 

Time  after  exercise. 

15' 

10'    1     5' 

O'lO' 

1'20- 

2'  30* 

3' 40' 

4' 50" 

6' 00" 

7' 40' 

9' 20" 

11' 00' 

12'40'' 

(7a«el6 

111 

102     1  lOS 

176 

127 

120 

119 

111 

110 

112 

119 

118 

no 

Case  17 

61 

64     1     65 

lU 

92 

79 

71 

74 

71 

76 

73 

70 

72 

Case  18 

81 

76     1     73 

132 

116 

98 

96 

92 

93 

87 

90 

89 

90 

Case 19 

89 

87     1     91 

132 

116 

111 

108 

101 

97 

Case  20 

99 

100     1  118 

198 

148 

120 

122 

121 

119 

120 

118 

121 

122 

Aver. 

rate 

88 

86          91 

150 

120 

106 

103 

100 

98 

99 

102 

99 

99 

After  conversion. 


— 

Time  before 
exercise. 

Time  after  exercise. 

15' 

10' 

5' 

O'lO" 

1'20'' 

2' 30" 

3' 40" 

4' 50" 

6' 00" 

7'  40" 

9'  20" 

iroo" 

12' 40" 

Case  16 

84 

78 

77 

116 

98 

95 

90 

88 

85 

87 

85 

93 

88 

Cose  17 

54 

52 

53 

91 

73 

70 

60 

59 

60 

58 

62 

61 

58 

Ca«e  18 

68 

68 

60 

98 

70 

79 

80 

70 

68 

67 

66 

62 

68 

Cose  19 

74 

74 

69 

104 

86 

80 

86 

82 

83 

81 

79 

81 

73 

Case  20 

56 

58 

58 

122 

114 

96 

78 

80 

76 

70 

68 

68 

68 

Aver. 

rate 

67 

66 

63 

107 

88 

84 

79 

76 

74 

73 

72 

73 

71 

When  the  same  series  of  patients  is  investigated  in  the  stage  of  fibrillation 
and  again  while  normal  rhythm  is  present,  the  rate  at  which  the  ventricular 
rates  decUne  is  found  in  both  instances  to  be  much  the  same  ;  in  both  the 
return  to  the  previous  rate  is  greatly  delayed.  The  delayed  return  in 
fibrillation  of  the  auricles  is  not  due,  therefore,  to  the  abnormal  mechanism 
but  to  some  additional  factor  existing  in  these  patients. 

It  is  also  seen  that  the  striking  contrast  between  the  rise  of  ventricular 
rate  of  the  normally  beating  heart  of  healthy  subjects  and  of  the  ventricle 
in  auricular  fibrillation  (Fig.  1 )  is  displayed  to  a  much  smaller  extent  when  the 
normally  beating  hearts  of  the  same  patients  are  u.sed  as  controls  (Fig.  2). 
In  both  series  the  reaction  is  similar  when  the  auricles  are  fibrillating,  but 
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when  in  patients  who  exhibit  fibrillation  the  normal  rhythm  is  restored, 
acceleration  of  the  ventricle  in  response  to  exercise  is  still  abnormal  in  its 
degree. 

In  the  two  respects,  namely,  in  the  exaggerated  rise  of  rate,  and  in  the 
undue  prolongation  of  the  raised  rate,  the  reaction  of  the  heart,  who.se 
mechanism  has  been  converted  from  fibrillation  to  normal,  resembles  that 
seen  in  many  conditions  of  ill-health  and  notably  in  the  symptomatic  condition 
described  as  the  "  effort  syndrome." 

TABLE    IV. 

Auricular  and  ventricular  ratex  before  and  after  exercise  in  auricular  fibrillation. 


Rate  before  exercise. 

Rate  after  exercise. 

Difference. 

Auricle. 

Ventricle. 

Auricle.      |     Ventricle. 

Auricle. 

Ventricle. 

Case  21* 

504 

70 

464                      89 

—  40 

+  19 

Case  22* 

455 

75 

416 

94 

—  39 

+  19 

Case  23 

444 

85 

386 

130 

—  58 

+  45 

Case  24 

500 

80 

436 

134 

—  64 

+  54 

Case  2.5* 

470 

77 

458 

130 

—  12 

+  .53 

Case  26* 

453 

87 

443 

122 

—  10 

+  35 

Case  27 

575 

100 

518 

151 

—  57 

+  51 

Case  28 

.526 

75 

511 

103 

—  15 

+  28 

Case  29 

433 

75 

407 

127 

—  26 

+  52 

Case  30 

473 

70 

434 

97 

—  39 

+  27 

Case  31 

425 

63 

410 

122 

—  15 

+  59 

Case  32 

455 

65 

470 

93 

+  15 

+  28 

Case  33 

422 

83 

429 

119 

+    7 

+  36 

Cose  34 

428 

58 

463 

67 

+  35 

+    9 

Average 

470 

75 

446 

113 

—  23 

+  39 

*  These  patients  were  on  ordinary  therapeutic  doses  of  digitahs 


Effect  of  exercise  on  rate  of  auricular  oscillations.  I  am  indebted  to 
Dr.  C.  C.  Iliescu  for  tha  following  observations  upon  a  series  of  cases  of 
fibrillation  of  the  auricle,  in  which  he  tested  the  effects  of  exercise  upon  the 
rate  of  the  auricular  oscillations,  in  patients  chosen  for  this  purpose.  The 
method  of  recording  was  similar  to  that  here  described,  but  the  lead  was 
.specially  arranged  to  render  the  auricular  oscillations  prominent  ;  the  test 
exercise  employed  was  the  same  as  here  described.     The  results  are  summed 
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up  in  Table  IV,  in  which  it  will  be  seen  that  with  few  exceptions  the  rate  of 
the  aiuicular  oscillations  declines  on  exercise,  wliile  the  ventricular  rate  rises. 
This  reaction  to  exercise,  though  not  quite  invariable,  conforms  to  the 
general  rule,  that  in  auricular  fibrillation  the  changes  in  rate  are  in  opposite 
directions  in  auricle  and  ventricle^  *'"'  ^. 


Compariso)i  of  auricular  Jibrillation  cases  before  and  after  digitalis  therapy. 

The  first  series  of  patients,  the  series  from  wliich  Fig.  1  is  compiled, 
came  under  continuous  treatment  with  digitalis  for  a  period  of  a  month, 
ten  minims  of  the  tincture  of  digitalis  being  given  thrice  dailj'.  At  the  end 
of  tliis  period  they  were  again  tested  in  exactly  the  same  fashion  to  determine 
to  what  extent  digitahs  controlled  the  resting  rate  and  particularly  the  rise 
of  ventricular  rate  on  exercise.  The  results  of  these  tests  are  shown  in 
Table  II,  the  average  curve  being  charted  in  Fig.  1  (wliite  circles). 

It  will  be  seen  that,  as  is  usual,  the  resting  rates  of  ventricle  are  materially 
lower,  wliile  digitalis  is  being  administered  in  ordinary  therapeutic  doses. 
Although  there  is  this  control  of  the  resting  rate  and  although  the  highest 
rate,  reached  bj'  the  ventricle  in  response  to  a  fixed  exercise  test,  is  lower  than 
in  the  undigitalised  subject,  yet  the  rise  itself,  counted  as  so  many  beats  per 
minute,  is  actually  somewhat  greater  under  digitalis  than  when  tliis  drug 
is  not  administered.  In  other  words,  the  reaction  of  the  ventricle  to  exercise, 
when  the  auricles  are  fibrillating,  is  not  subdued  by  digitahs  ;  on  the  contrary, 
it  is  if  anj^thing  exaggerated.  The  larger  rise  of  rate  on  exercise  may  possibly 
be  interpreted  legitimately,  if  it  is  imagined  that  the  exercise  reaction  remains 
unchanged  in  extent,  while  exercise  tends  at  the  same  time  to  abolish  the 
control  which  digitalis  exerts  on  the  resting  rate. 


Conclusions. 

1.  As  compared  to  the  reaction  of  a  normal  heart,  the  heart  affected  bj^ 
auricular  fibrillation  responds  to  test  exercise  by  a  disproportionate  rise  in 
ventricular  rate,  and  a  delaj-ed  return  to  the  previous  resting  level. 

2.  The  delayed  return  of  the  ventricular  rate  in  auricular  fibrillation 
to  the  previous  resting  level  is  not  due  to  the  abnormal  mechanism,  but  to  an 
additional  factor.  For  it  is  also  exhibited,  as  is  also  an  exaggerated  rise  of 
ventricular  rate  in  response  to  exercise,  by  the  same  patients  when  the 
heart's  mechanism  has  been  restored  to  normal.  In  these  respects  the 
reaction  is  similar  to  that  found  in  the  "  effort  syndrome." 
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3.  Digitalis  in  ordinary  therapeutic  doses  fails  to  protect  the  ventricles 
from  the  exaggerated  response  to  exercise. 

4.  In  auricular  fibrillation,  \^hen  the  ventricular  rate  rises  as  a   result 
of  exercise,  the  auricular  rate  generally  falls. 
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CLINICAL   "CAPILLARY   PULSATION/' 

By  ERNST  P.  BOAS. 

( From  the  Medical  Division,  Montefiore  Hospital  for  Chronic  Diseases, 

New  York.) 

In  a  recent  paper  SumbaP  has  reported  his  study  by  a  microcapillary 
method  of  the  phenomenon  of  clinical  "  capillary  pulsation  "  and  has  come  to 
the  conclusion  that  chnical  capillary  pulsation  of  the  Up,  as  seen  in  cases  of 
free  aortic  regurgitation,  is  a  phenomenon  of  the  capillaries  themselves.  In 
my  original  observations^  the  capillaries  of  the  skin  overlying  the  nail  bed 
were  studied.  Due  to  the  method  employed  the  visuahsation  of  the  capillaries 
was  rendered  difficult  by  the  movements  of  the  fingers  that  accompany  each 
pulse  beat.  In  the  hght  of  Sumbal's  observations,  I  have  reinvestigated  the 
subject,  employing  a  different  method. 

Miiller's  Hautkapillarmikroskop^,  manufactured  by  Zeiss,  was  employed 
in  these  studies.  In  this  instrument  the  ordinary  tube  of  a  microscope  is 
fitted,  by  means  of  a  micrometer  screw  which  is  used  for  focussing,  into 
another  tube,  having  a  flat  base  with  a  central  circular  opening  through  which 
the  skin  is  observed.  A  small  electric  light  bulb  is  inserted  in  the  second  tube 
near  its  base.     The  magnification  is  60  diameters. 

The  apparatus  is  placed  on  the  skin  and  the  capillaries  may  be  observed 
directly.  The  movement  of  the  capillaries  out  of  the  focal  plane  with  each 
pulse  beat  is  avoided  by  the  use  of  this  instrument,  and  the  skin  of  every  part 
of  the  body  is  readily  accessible  to  observation. 

Eight  patients  with  aortic  insufficiency,  presenting  chnical  "  capillary 
pulsation,"  were  examined.  In  each  patient  the  capillaries  were  studied  on 
the  inner  and  outer  aspect  of  the  Up,  on  the  finger  over  the  root  of  the  nail,  and 
on  the  forehead  after  the  skin  had  been  rubbed  to  provoke  reddening  and 
systohc  flusliing  of  the  skin.  A  glass  shde  was  interposed  between  the  skin 
and  the  microscope,  so  that  uniform  pressure  could  be  exerted  on  the  under- 
lying structures.  On  the  cutaneous  surfaces  castor  oil  was  used  to  render  the 
capillaries  visible.  On  the  mucous  surface  of  the  hp  it  was  unnecessary  to 
employ  oil. 

The  microscope  was  manipulated  so  that  varjdng  degrees  of  pressure 
from  the  hghtest,  just  corresponding  to  the  weight  of  the  glass  shde,  to  the 
heaviest,  which  accomphshed  complete  blanching  of  the  microscopic  field, 
were  employed.    In  every  case  the  behaviour  of  the  capillaries  was  noted  in 
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particular  during  the  time  when  a  definite  paUng  and  flushing  of  the  whole 
microscopic  field  was  evident. 

In  two  of  the  patients  examined  definite  pulsation  of  the  capillaries  of 
the  lip  was  observed.  In  four  patients,  although  there  was  a  very  distinct 
pafing  and  reddening  of  the  whole  field,  there  was  no  visible  pulsation  in  the 
capillaries  of  the  lip,  except  in  occasional  isolated  vessels,  and  in  them  it  was 
not  very  marked.  A  rhythmic  expansion  of  the  end  of  the  capillary  loop  was 
seen  only  rarely.  At  certain  pressures  the  flow  in  some  of  the  capillaries 
was  pulsatile  and  synchronous  with  the  heart  beat.  Such  an  intermittent 
flow,  however,  occurs  at  certain  degrees  of  skin  pressure  in  patients  who 
have  no  clinical  "  capillary  pulse."  The  important  point  which  I  wish  to 
emphasise  is  that  in  these  cases,  although  the  rhythmic  pahng  and  flusliing 
of  the  microscopic  field  was  very  evident,  only  very  few  of  the  capillaries  in 
that  same  field  exhibited  evidences  of  pulsation,  or  intermittency  in  blood 
flow.  In  most  of  the  capillary  vessels  the  streaming  was  rapid  and  un- 
interrupted. In  some  the  flow  was  halting  or  even  arrested.  At  no  time, 
not  even  in  the  ca.ses  showing  definite  pulsation  of  the  capillaries,  was  a 
rhythmic  emj^tying  and  filfing  of  the  capillaries  seen.  In  two  patients  there 
was  no  evidence  whatsoever  of  capillary  pulsation  of  the  Up. 

The  skin  of  the  forehead  was  reddened  by  preliminary  friction,  and  in 
all  cases  exliibited  definite  flushing  and  paUng.  Yet  on  microscopic  exami- 
nation, although  the  background  of  the  microscopic  field  showed  the  rhythmic 
change  of  colour  very  clearly,  very  few  capillaries  were  visible  and  these  did 
not  pulsate.  The  skin  of  the  forehead,  as  has  been  pointed  out  by  Niekau^ 
is  tliickly  studded  with  sebaceous  glands  and  there  are  few  visible  capillaries. 
In  one  patient  who  was  sun -burned  many  capillaries  were  visible  on  the 
forehead,  and  chnical  "  capillary  pulsation  "  was  particularly  well  marked, 
yet  even  in  him  there  was  no  evidence  of  pulsation  of  the  capillaries  them- 
selves. 

In  the  examination  of  the  finger  care  was  again  taken  to  study  the 
capillaries  wliile  the  background  was  flushing  and  paling.  Sumbal's  criticism 
of  my  previous  observations  on  the  grounds  that  the  skin  overlapjjing  the 
nail  bed  is  of  relative  horny  consistence,  and  that  chnical  "  capillary  pul- 
sation "  is  not  seen  to  occur  in  it  is  inapphcable  because  in  my  present,  as 
well  as  in  my  previous,  studies  I  did  not  report  on  the  capillaries  in  that 
portion  of  the  skin  which  is  growing  over  the  nail,  as  the  cuticle.  The 
capillaries  immediately  behind  this  zone  were  observed,  and  in  tliis  area 
chnical  "  capillary  pulsation  "  does  occur.  Yet  in  none  of  the  present  series 
of  cases  was  a  microscopic  pulsation  of  the  capillaries  seen  in  this  region.  Here, 
as  in  the  hp,  the  blood  flow  in  the  capillaries  varied  from  a  rapid  streaming 
to  complete  stagnation. 

Two  observers,  Secher*  and  FischP,  have  reported  independently  that 
they  have  been  unable  to  observe  a  true  capillary  pulse  in  patients  who 
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oxliibit  clinical  "  capillarj*  pulsation."  In  a  few  cases  iSecher  did  observe 
pulsation  in  some  capillaries,  but  he  concludes  that  clinical  "  capillary 
l)ulsation  "  is  conditioned  by  the  varying  degree  of  filling  of  vessels  larger 
than  capillaries.  Years  ago  Herz^  expressed  the  opinion,  based  on  indirect 
evidence,  that  the  chnical  "  capillary  pulse  "  is  really  an  arteriolar  pulse. 

It  seems  clear  that  Sumbal  is  correct  in  his  observation  that  actual 
pulsation  of  the  capillaries  occurs  in  patients  with  free  aortic  regurgitation  ; 
but  his  deduction  that  clinical  capillar}-  pulsation  of  the  Hp  is  a  phenomenon 
of  the  cajullaries  themselves  is  open  to  question.  The  fact  that  in  the 
presence  of  clinical  "  capillary  pulsation  "  of  the  lip,  forehead  and  fuiger 
there  may  be  no  visible  jjulsation  of  the  capillaries,  or  pulsation  in  only  a 
few  capillaries,  speaks  against  his  conclusion.  According  to  iSpalteholz'^, 
the  blood  supply  of  the  cutis  consists  of  the  cajiillary  loops  in  the  papillae 
of  the  skin,  and  two  layers  of  subpapillary  arterial  and  venous  plexuses.  It 
is  only  in  the  pajiillje  that  the  arterioles  of  the  skin  become  true  cajjillaries, 
although  the  vessels  of  the  subpapillary  plexus  have  almost  the  same  structure 
as  have  capillaries.  It  has  been  noted  by  many  observers  that  when  pressure 
is  applied  to  the  skin  while  it  is  studied  through  a  microscoiDe,  pahng  takes 
place  without  any  change  in  the  degree  of  filling  of  the  visible  capillaries. 
As  a  matter  of  fact  it  is  difficult  in  most  cases  to  empty  the  capillaries  of  their 
blood.  Yet  the  skin  may  pale  following  the  appUcation  of  a  pressure  of  a  few 
millimetres  of  mercury. 

These  observations,  as  well  as  the  fact  noted  by  Weiss,  that  the  degree 
of  redness  of  the  normal  skin  is  determined  not  by  the  number  of  visible  capil- 
laries but  by  the  distribution  of  the  subpapillary  plexuses,  show  that  the 
normal  skin  colour,  as  well  as  changes  in  skin  colour,  are  determined  not  so 
much  by  the  degree  of  capillary  filhng,  but  in  large  part  by  the  degree  of 
filUng  of  the  subpapillary  arterioles  and  venules.  Moreover,  if  the  capillary 
pulse  were  a  phenomenon  of  the  capillaries  themselves  one  would  expect  to 
find  a  rhythmic  emptving  and  filhng  of  the  capillaries,  accompanying  the 
marked  pahng  and  flushing  that  is  so  often  observed.  This  I  have  never  seen, 
and  Sumbal  reports  that  he  has  noted  it  only  as  an  occasional  occurrence  in 
isolated  capillaries.  It  is  difficult  to  see  how  an  expansile  pulsation  or  regular 
acceleration  of  the  blood  stream  can  determine  a  marked  variation  in  colour 
of  the  skin. 

In  spite  of  the  fact  that  actual  pulsation  of  capillaries  may  be  demon- 
strated in  some  patients  with  aortic  insufficiency,  the  phenomenon  is  not 
sufficiently  constant  or  intense  to  explain  the  clinical  "  capillary  pulse." 
The  subpapillary  arterial  and  venous  plexuses  are  the  chief  determinants  of 
the  colour  of  the  skin.  Ordinarily  the  component  vessels  of  these  plexuses 
cannot  be  clearly  distinguished  microscopically,  so  it  is  impossible  to  ascertain 
by  direct  observation  if  the  venules  share  with  the  arterioles  in  the  i^roduction 
of  the  clinical  capillary  pulse.     In  a  measure,  the  distinction  between  the 
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capillary  loops  of  the  pajjillEe  and  the  siibpapillary  plexus  is  a  matter  of 
definition,  for  except  for  a  difference  in  size  they  resemble  one  another  closely 
in  structure. 

We  are  thus  warranted  in  concluding  that  the  cUnical  "  capillary  pulse  " 
on  the  lip,  forehead,  and  on  the  finger  over  the  root  of  the  nail  is  mainly  a 
phenomenon  not  of  the  capillaries  of  the  papillae  of  the  skin  or  mucous 
membrane,  but  of  the  subpapillary  and  cutaneous  vascular  plexuses. 
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REPORT  OF  A  CASE  OF  AURICULAR  FLUTTER  IN  WHICH 
VAGUS  STIMULATION  WAS  FOLLOWED  BY  AN  INCREASE 
IN  THE   RATE   OF  THE   CIRCUS   RHYTHM. 

By  FRANK  N.  WILSON. 

[From  the  Department  of  Internal  Medicine,   Universitij  of  Michigan  Medical 
School,  Ann  Arbor.) 


The  effects  of  vagal  stimulation  upon  the  rhythm  of  tlie  auricles  in 
experimental  auricular  flutter  have  been  examined  in  detail  by  Lewis, 
Drury  and  Bulger.^  Of  the  effects  observed  by  them  one  of  the  most  frequent 
was  a  gradual  acceleration  of  the  auricular  rate.  Tliis  effect  usually  followed 
relatively  light  vagus  stimulation,  and  attempts  were  subsequently  made 
to  produce  it  in  cUnical  flutter  by  pressure  upon  the  vagus  in  the  neck.* 
The.se  attempts  were  unsucce.ssful  and  an  examination  of  published  curves 
showing  the  effects  of  this  experiment  upon  flutter  in  man  failed  to  disclose 
any  instance  in  which  the  auricular  rate  had  been  materially  modified. 
The  case  of  auricular  flutter  described  below  in  wliich  ocular  i:)ressure  caused 
a  conspicuous  acceleration  of  the  auricles  appears,  therefore,  to  stand  by 
itself. 

The  patient,  a  university  student  aged  20,  comijlained  of  rapid  and 
irregular  heart  action  which  came  on  suddenly  about  one  hour  after  he  had 
taken  part  in  the  excitement  and  strenuous  exertion  of  an  undergraduate 
contest.  He  had  had  a  similar  attack  two  years  before  wliile  engaged  in 
playing  basket-ball.  At  the  time  of  the  examination,  which  was  made  on 
the  next  day  but  one  following  the  onset  of  the  disorder,  the  heart  was 
beating  irregularly  at  a  rate  of  about  140  per  minute.     There  was  no  definite 

*  Levine  and  Frothingham'  have  described  a  case  of  auricular  flutter  in  w}iich  deep  breathing 
produced  slight  clianges  in  the  auricular  rate. 
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evidence  of  cardiac  enlargement.  An  indistinct  rumbling  diastolic  murmur 
was  heard  at  the  apex  and  a  diagnosis  of  mitral  stenosis  was  made  ;  this 
diagnosis  was  confirmed  after  the  cessation  of  the  abnormal  rhythm,  when 
the  murmur  became  plainly  audible. 

FJIeclrocardiograpIiic  obst>rrations.  The  electrocardiogram  showed  auricu- 
lar flutter  with  an  auricular  rate  of  about  380  per  minute.  The 
ventricles  were  responding  irregularly  to  every  third  or  fourth  circus 
contraction.  The  flutter  complex  was  8  to  9  mm.  in  amplitude  (8  to  9 
X  lO"*  volts)  in  leads  //  and  ///  and  about  1  mm.  in  amplitude  in  lead  /. 
Chest  leads  were  also  made.  In  the  anterior-posterior  lead*  the  flutter 
complex  was  isoelectric  ;  in  a  lead  parallel  to  the  right  border  of  the  sternum 
it  measured  10  mm.  ;  and  in  a  lead  from  the  second  right  intercostal  space 
to  a  corresjjonding  point  on  the  left  side  its  amjjlitude  was  1  mm.. 

The  inhalation  of  amyl  nitrite  produced  a  conspicuous  increase  in  the 
ventricular  rate  and  a  sUght  fall  in  the  auricular  rate.  The  control  curve 
taken  immediately  before  the  drug  was  given  shows  an  auricular  rate  of 
354  with  4  to  1  ventricular  response.  After  amyl  nitrite  the  auricular  rate 
was  342  and  the  ventricles  responded  to  every  second  circus  contraction. 

Three  attempts  were  made  to  stimulate  the  vagus  by  pressure  upon  the 
eyeball.  The  first  produced  ventricular  standstill  for  about  three  seconds  ; 
the  auricular  rate  was  not  appreciably  changed.  In  the  other  two  observa- 
tions, in  which  a  ventricular  standstill  of  about  six  seconds  resulted,  there 
was  a  conspicuous  change  in  the  flutter  rate.  One  of  the  curves  has  been 
carefully  measured  with  the  Lucas  comparator  and  is  shown  in  Fig.  1.  The 
other  curve  is  very  similar,  but  could  not  be  measured  because  of  the  failure 
of  the  time  marker.  The  first  .seven  cycles  of  Fig.  1  average  01 63  of  a 
second  in  length.  The  maximal  variation  in  cycle  length  is  about  0-01  of  a 
second,  and  there  is  a  tendency  for  long  and  short  cycles  to  alternate,  wliich 
becomes  more  conspicuous  in  cycles  8  to  11.  The  increased  variation  of  these 
last  cycles  is  accomi^anied  by  variations  in  the  form  of  the  flutter  conii^lex. 
With  cycle  12  there  is  a  sudden  decrease  in  cycle  length  and  from  this  point 
onward  the  variations  of  the  interval  are  slight  if  cycle  23,  the  measurement 
of  which  is  somewhat  interfered  with  by  one  of  the  time  Unes,  be  disregarded. 
The  average  length  of  cycles  12  to  39  inclusive  is  01 309  of  a  second. 

The  administration  of  quinidin  sulphate  was  followed  by  a  progressive 
decrease  in  the  flutter  rate  ending  in  return  of  the  normal  rhythm.  The 
details  are  given  below  in  tabular  form. 

*  Tlio  Z-eloctrodo  was  placed  over  tlie  second  right  costal  cartilage,  the  C-electrode  in  the 
right  interscapular  region.  Tlie  distance  between  the  electrodes  was  8  inches.  In  the  second 
chest  lea<:l  mentioned  the  Z-electrode  was  placed  upon  the  second  right  costal  cartilage  and  the 
C-electrode  6  inches  below  this  point.  In  tlie  third  chest  lead  tlie  Z-electrode  was  placed  in  the 
second  right  intercostal  space  3  inches  to  the  right  of  tlie  midline  and  the  C-electrode  in  the  second 
loft  intercostal  space  3  inches  to  the  left  of  the  midline. 
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Fig.     I.      Cliest  lead    parallel   to    right    sternal   border.       1    mm.  =  1   X  10"^  volts.      Time    in 
fifths  and  twenty-fifths  of  a  second.     ESect  of  vagus  stimulation  on  tlie  auricular  rate. 
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Xonnal  rlivtbm. 

DisciiS)iion. 

For  tlie  gradual  increase  in  the  auricular  rate  produced  by  vagus 
stimulation  in  experimental  auricular  flutter,  Lewis  and  his  collaborators^ 
offer  two  possible  explanations  : — 

Explanation  1.  It  has  been  shown  that  in  many  instances  of  experi- 
mental flutter  the  speed  with  which  the  excitation  wave  travels  is  greatly 
reduced  and  may  not  exceed  one-half  the  speed  found  when  the  normal 
rhythm  prevails.  This  subnormal  rate  of  conduction  has  been  found  to 
depend  upon  the  partially  refractory  condition  of  the  muscle  through  which 
the  crest  of  the  excitation  wave  is  advancing.  Islands  of  refractory  tissue 
encountered  by  the  wave  force  it  to  pursue  a  sinuous  course  and  consequently 
greatly  retard  its  progress.  Vagus  stimulation,  by  shortening  the  refractory 
period  of  the  auricular  muscle,  tends  to  reduce  the  number  and  the  size  of 
these  islands  of  refractory  tissue  or  to  abohsh  them  altogether  ;  and,  there- 
fore, to  render  the  path  of  the  circulating  excitation  wave  less  sinuous  and 
consequently  shorter,  and  to  increase  the  rate  of  the  circus  rhythm. 

Explanation  2.  The  second  explanation  is  offered  to  account  for 
those  instances  in  which  the  speed  of  the  excitation  wave  is  not  initially 
reduced,  but  in  which,  nevertheless,  vagus  stimulation  increases  the  flutter 
rate.  Let  us  assume  that  the  excitation  wave  is  pursuing  a  path  which  does 
not  closely  encircle  a  natural  orifice.  Interior  to  the  path  pursued  many 
shorter  paths  will  then  exist  which  are  not  open  to  the  circus  wave  because 
of  the  length  of  the  refractory  period.  For  it  is  obvious  that  a  circus  con- 
traction can  only  be  set  up  in  a  ring  of  muscle  when  the  time  taken  by  the 
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excitation  wave  to  travel  completely  around  the  circumference  of  the  ring 
is  less  than  the  absolute  refractory  period.  Vagus  stimulation  increases 
the  flutter  rate  by  shortening  the  absolute  refractory  period  and  thus 
permitting  the  circus  wave  to  accept  a  shorter  path. 

Both  of  these  explanations  are  similar  in  principle  in  that  they  attribute 
the  increase  of  the  flutter  rate  produced  by  vagus  stimulation  to  a  shortening 
of  the  path  of  the  circus  wave  dependent  upon  a  decrease  in  the  length  of 
the  refractory  period. 

To  decide  wliich  of  these  two  explanations  should  be  adopted  in 
accounting  for  the  acceleration  of  the  auricular  rate  produced  in  our  patient 
by  vagus  stimulation  is  a  task  which  should  not,  perhaps,  be  attemjjted. 
Nevertheless,  the  intervals  of  Fig.  1  show  certain  peculiarities  which  afford 
a  clue  of  the  underlying  mechanism. 

The  tendency  to  alternation  shown  by  the  first  seven  intervals  of 
Fig.  1  suggests  that  the  excitation  wave  was  advancing  in  partially  refractory 
tissue  and,  therefore,  that  the  speed  of  conduction  was  reduced.  To  this 
view,  however,  the  unusually  high  auricular  rate,  the  increased  alternation 
of  cycles  8  to  11,  and  the  sudden  change  in  auricular  rate  at  cycle  12,  so  it 
seems  to  us,  are  opiJosed.  The  liigh  auricular  rate  indicates  a  high  conduction 
rate  or  an  unusually  short  path.  More  conspicuous  alternation  suggests  that 
the  circus  wave  is  advancing  in  partially  refractory  tissue  of  greater  density  ; 
that  the  barriers  of  refractory  tissue  encoinitered  are  larger  or  more  numerous. 
But  such  larger  or  more  numerous  barriers  would  demand  a  decrease  in  the 
rat«  of  conduction  which  is  not  consistent  with  an  increase  of  the  flutter 
rate  unless  the  path  of  the  circus  wave  is  simultaneously  shortened.  The 
principles  of  Expkmation  1  demand  that  a  sudden  increase  of  the  auricular 
rate  be  attributed  to  an  abrupt  decrease  in  the  length  of  the  refractory 
period.  The  increased  auricular  rate  produced  in  experimental  flutter  by 
vagus  stimulation,  however,  occurs  after  a  long  latent  period  which  suggests 
that  the  metabohc  or  physico-chemical  changes  induced  by  vagus  stimulation 
upon  wliich  it  depends  develop  slowly.  It  seems  unlikely,  therefore,  that 
vagus  stimulation  can  produce  sudden  changes  in  the  refractory  period  ; 
but  if  such  changes  can  occur  they  should  occur  at  the  beginning  of  vagus 
stimulation.  The  sudden  change  in  auricular  rate  shown  in  Fig.  1  did  not 
occur  at  the  beginning  of  vagus  stimulation,  but  some  seconds  later  ;  it 
cannot  logically  be  attributed  to  a  sudden  reduction  of  the  refractory  jaeriod. 

It  seems  probable,  therefore,  that  the  acceleration  of  the  auricular  rate 
produced  in  our  patient  by  vagus  stimulation  was  due  to  a  change  in  the 
path  of  the  circus  wave.  We  may  suppose  that  in  spite  of  the  shght  tendency 
to  alternation  shown  by  the  early  cycles  of  Fig.  1  the  rate  of  conduction  was 
nearly  normal  and  that  the  gradual  reduction  of  the  refractory  period 
brought  about  by  vagus  stimulation  had  at  first  no  effect  upon  the  auricular 
rate.     Eventually,  however,  the  refractory  period  became  so  short  that  a 
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new  path,  much  shorter  than  the  old  one,  was  opened  to  the  circulating 
wave.  We  must  assume  also  that  no  path  of  intermediate  length  existed. 
At  first  tliis  new  jiath  ajipears  to  have  been  accepted  on  alternate  revolutions 
(cycles  8  and  10),  but  a  further  reduction  of  the  refractory  period  enabled 
the  circus  wave  to  follow  it  continuously.  We  may  account  for  the  greater 
length  of  cycles  8  and  10  as  compared  with  cycle  12  and  those  which  follow 
it  by  sup2Josing  that  when  the  circus  wave  first  took  up  the  new  path  it  met 
with  large  barriers  of  refractory  tissue  wliich  disappeared  under  the  continued 
influence  of  vagus  stimulation. 

The  variations  in  the  intervals  of  Fig.  1  from  cycle  8  to  cycle  11,  inclusive, 
are  accompanied  by  variations  in  the  form  of  the  flutter  complex.  The 
downstroke  corresponding  to  interval  9  closely  resembles  the  downstroke 
corresponding  to  interval  1 1  ;  both  are  conspicuously  notched.  The  complexes 
corresponding  to  intervals  8  and  10  sliow  a  somewhat  less  striking  similarity 
of  form.  These  variations  in  the  form  of  the  flutter  complex  are  consistent 
with  the  interpretation  of  Fig.  1  given  above. 

The  fall  in  auricular  rate  produced  by  amyl  nitrite  though  shght  is 
in  the  expected  direction,  and  may  have  been  due  to  an  increase  in  the  length 
of  the  refractory  period  brought  about  by  a  decrease  of  vagal  tone.  We 
should  attach  greater  importance  to  it  were  it  not  that  the  control  curve 
taken  immediately  before  the  amyl  nitrite  was  given  shows  an  auricular 
rate  (354)  considerably  below  that  shown  by  all  other  control  curves  (375 
to  380).     For  the  pecuUarity  of  this  control  curve  we  have  no  explanation. 

Summary. 

A  case  of  auricular  flutter  is  rei^orted  in  which  vagus  stimulation  was 
followed  by  a  conspicuous  increase  in  the  rate  of  the  circus  rhythm. 

The  increase  in  auricular  rate  is  attributed  to  a  shortening  of  the  path 
of  the  circus  wave  brought  about  by  a  reduction  in  the  length  of  the  refractory 
period  of  the  auricular  muscle. 
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VEXTRKTLAR    TACHYCARDIA     DURING    AN    ATTACK    OF 
PAROXYSMAL  AURICULAR   TACHYCARDIA. 

By  PAUL  S.  BARKER  (St.  Louis). 
(From  the   Depnrtmenl  of  Internal   Medicine,    Wa.shintjton    Unirer.sily  School 

of  Medicine.) 


Ventkicdlar  tachycardia  is  a  comparatively  rare  disturbance  of  the 
cardiac  mechanism.  About  twenty  undoubted  cases  have  been  recorded 
and  the  condition  has  been  fuUy  described'-'  *.  Recently  Strong  and 
Le\dne*  have  pointed  out  that  in  paroxysms  of  ventricular  origin  the  ventricle 
is  often  irregular,  as  opposed  to  the  usual  regularity  of  the  heart  in  paroxysms 
of  auricular  origin.  The  case  here  reported  is  one  of  auricular  tachycardia, 
briefly  disturbed  by  an  irregular  tachycardia  of  ventricular  origin.  The  only 
case  recorded  at  all  resembUng  tliis  is  Hoffmami's^.  In  this  a  paroxj^sm  of 
auricular  tachj'cardia  terminated  in  a  paroxysm,  subsequently  regarded^  to 
be  a  ventricular  tachycardia,  but  so  irregular  that  it  was  thought  at  the  time 
to  be  ventricular  fil)rillation.  The  irregularities  described  bj'  Strong  and 
Levine  were  of  much  sUghter  degree ;  nevertheless,  the  different  forms  may 
have  much  in  common. 

A  housewife,  aged  47,  was  admitted  to  hosjntal  on  April  the  16th,  1923, 
comiilaining  of  nervousness  and  attacks  of  palpitation.  The  history  of  past 
ilhiesses  contains  Httle  that  is  relevant  to  her  main  condition.  Her  attacks 
of  palpitation  began  at  the  age  of  11.  Thej'  have  occurred  irregularly  and  as 
often  as  four  times  in  a  week.  They  lasted  from  one  to  two  hours  until  four 
years  ago,  when  they  became  of  many  hours'  duration.  They  are  abrupt  in 
onset,  and  offset,  and  are  of  sufficient  severity  to  cau.se  great  anxiet}'.  There 
is  no  pain,  but  if  an  attack  is  long  continued  the  left  arm  and  chest  feel 
weak.  For  years  moderate  dyspnoea  on  exertion,  anorexia,  and  constipation 
have  been  experienced,  but  no  syncojje  or  oedema. 

The  woman  is  thin  ;  but  a  complete  chnical  examination  reveals  nothing 
abnormal  in  the  heart  or  remaining  organs,  with  the  exception  of  a  retroverted 
uterus.    A  normal  electrocardiogram  of  April  the  17th  is  shown  in  Fig.  1. 
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At  noon  on  April  the  23rd  the  patient  was  found  in  an  attack  of  tachy- 
cardia. The  heart  beat  between  200  and  240  per  minute,  the  pupils  were 
dilated,  and  there  were  hj'perpncea,  flushing  of  the  face,  and  extreme  anxiety. 
The  attack  terminated  in  a  few  hours.  Electrocardiograms  taken  during  the 
attack  showed  auricular  tachycardia,  with  a  short  period  or  irregidar 
ventricular  tachycardia  interpolated  in  lead  /  (Fig.  2).  The  complexes  of  the 
latter  are  abnormal,  of  the  type  of  ventricular  extrasystoles,  and  irregular 
in  form  and  time  relations  ;  the  rate  is  267  per  minute.  The  impulses  apjjcar 
to  spring  from  at  least  two,  if  not  more,  ventricular  foci.  No  am-icular 
complexes  can  be  identified  in  any  part  of  these  ciu'ves. 


Summary. 

A    case    is    presented    showing    a    short    run    of   irregular    ventricular 
tachycardia  during  an  attack  of  paroxysmal  auricular  tachycardia. 
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OBSERVATIONS    RELATING   TO    THE   NERVE    SITPPLY    OF   THE 
CORONARY   ARTERY   OF   THE   TORTOISE.* 

Part  I. -DIRECT  OBSERVATIONS  OF  THE  ARTERY. 

By  A.  N.  DRURY  and  FRED.  M.  SMITH  (Chicago). 
(From  the  Cardiac  Depurtment,   University  College  Hosjjital  Medical  School.) 

Historical. 

The  question  as  to  whether  the  coronary  arteries  are  provided  with  a 
vasomotor  mechanism  through  the  vagi  and  sympathetic  nerves  has  been 
extensively  investigated.  There  is,  in  fact,  at  the  jiresent  time  no  concensus 
of  opinion  as  to  whether  such  a  vasomotor  meclianism  exists,  so  varied  have 
been  the  results  of  stimulating  these  nerves. 

Adrenalin  on  isolated  arteries.  The  question  has  been  approached 
through  the  study  of  the  action  of  adrenahn  on  short  sections  of 
coronary  artery  suspended  in  Ringer's^"''^'""'*  solution.  By  tliis  method 
adrenahn  has  repeatedly  been  found  to  produce  a  dilatation  of  coronary 
artery  strips  from  the  sheep,  goat,  ox,  calf  and  rabbit.  Barbour-,  however, 
who  used  human  coronary  arteries  removed  at  autopsy  while  the  body  was  stiU 
warm,  observed  a  constriction  ;  but  in  a  similar  series  of  experiments  he  noted 
dilatation  when  the  coronary  arteries  of  the  calf,  sheep,  and  pig  were 
used.  Wiggers-*  has  justlj-  pointed  out  that  the  above  method  investigates 
only  the  larger  arteries,  and  does  not  take  into  consideration  the  remaining 
portion  of  the  coronary  arterial  system.  Cow'  noted  that  strips  taken  from 
different  sections  of  the  same  artery  varied  in  their  response  to  adrenahn. 
In  the  recent  work  on  capillaries  much  additional  information  has  been 
furnished  by  Kroghi'-  i^.  13  concerning  the  irregular  action  of  adrenahn  on 
arteries.  He  states  that  in  the  brown  frog  numerous  arteries  of  the  tongue 
are  strongly  constricted  by  adrenalin,  while  others,  especially  the  larger 
arteries,  are  unaffected.  Furthermore,  he  has  pointed  out  that  the  super- 
ficial arteries  of  the  skin  and  web  of  the  frog  may  react  differently  to  adrenahn 

*  Obsorvatioiis  iinclortiUieu  on  behalf  of  tlie  Medical  Ro.search  Council. 
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in  different  sections  of  their  course.  If  a  droj)  of  01  per  cent,  adrenalin  is 
placed  on  an  artery  there  may  be  no  jierceptible  change  in  size.  If,  liowever, 
drops  are  now  placed  at  short  distances  apart  along  the  course  of  the  vessel 
at  intervals  of  half  a  minute  or  more,  a  region  of  the  vessel  is  at  last  reached 
wliich  responds  ;  on  repeating  the  experiment  the  same  section  of  the  vessel 
constricts  again.  Thus  the  observations  on  the  action  of  adrenalin  on  pieces 
of  coronary  arteries  seem  to  show  a  variation  in  reaction  in  different  animals. 

Observations  on  coronary  flow.  It  has  frequently  been  observed  that 
adrenalin  increases  the  rate  of  coronary  flow  both  in  the  intact  heart^'''^^  ^''^^ 
and  in  the  perfused  heart-^'''^*'^^.  Brodie  and  Cullis^,  employing  the  latter 
method,  noted  a  decreased  flow  with  small  doses  of  adrenalin  ;  but  with 
doses  of  sufficient  strengtii  to  accelerate  the  cardiac  rate,  the  coronary  flow 
was  augmented.  Barbour  and  Prince'  ob,served  a  decreased  coi'onary  flow 
in  the  perfused  heart  of  the  monkey,  whereas  in  rabbits  employed  in  a 
similar  series  of  experiments  the  flow  was  constantly  increased.  Wiggers^' 
and  Rabe^"  invariably  found  that  the  flow  through  the  coronary  vessels 
diminished  when  adrenalin  was  jierfused  through  the  quiescent  heart. 

It  is  an  extremely  difficult  matter  to  maintain  all  the  factors  wliitli 
influence  coronary  artery  flow  constant  in  the  intact  heart  before  and  after 
the  administration  of  adrenaUn.  The  heart-lung  preparation  of  Markwalder 
and  Starling^  conies  nearest,  perhaps,  to  meeting  such  requirements. 
Wiggers^*,  however,  has  pointed  out  that  the  increase  in  the  coronary  flow 
observed  by  these  investigators  may,  perhaps,  be  explained  on  a  mechanical 
basis  from  an  increase  in  rate  and  amplitude  of  cardiac  contraction.  The 
same  objections  may  be  raised  concerning  the  perfused  heart  unless  the  heart 
is  quiescent,  as  in  the  observations  of  Wiggers^^  and  Rabe^".  Moreover,  as 
Wiggers^^  has  pointed  out,  errors  arise  in  perfuising  a  heart  from  the  aorta 
as  leakage  at  the  aortic  valves  is  almost  certain.  Furthermore,  he 
estabhshes  by  a  prehminary  investigation  that  an  increase  or  decrease  in 
the  outflow  from  the  right  heart  cannot  be  interpreted  as  being  due  to  changes 
in  the  coronary  vessels  unless  it  can  be  shown  that  the  pressure  of  the 
perfusing  solution  supplying  the  coronary  arteries  remains  constant,  that 
the  size  of  the  chambers,  wliich  exist  as  an  intermediate  reservoir  between 
the  heart  veins  and  the  registering  apparatus,  and  the  massaging  effect 
of  the  heart  muscle  on  the  intermural  vessels  remains  the  same.  These  are 
all  factors  which  may  influence  the  apparent  outflow  from  the  coronary 
veins.  This  method  of  investigating  the  action  of  adrerialin  on  the  vessels 
has  again  led  to  an  apparent  conflict  of  e\adence,  probably  due  to  the 
variation  in  the  direct  and  indirect  action  which  adrenalin  may  exert. 

The  results  of  stimulating  the  sympathetic  and  vagus  nerves  has  varied 
in  the  hands  of  different  investigators.  Horowitz  and  Zahn^'  ob.served  an 
increased  coronary  flow,  as  determined  by  measuring  the  outflow  from  a 
cannula  inserted  into  the  coronary  sinus,  during  sj'mpathetic  stimulation. 
In  these  experiments  neither  the  cardiac  rate  nor  the  blood  pressure  was 


CORO  N  AliY     INN  K  R  V  A  T  ION  .  73 

controlled,  and  the  augmented  coronary  flow  could  well  be  attributed  to 
these  mechanical  factors.  Wiggers^^  reports  a  decreased  flow  from  a 
wounded  coronary  vein  during  the  stimulation  of  the  vago-symi)athetic 
nerves  of  the  dog  after  atropinisation  ;  as,  however,  the  cardiac  rate  and 
blood  pressure  remained  constant,  the  evidence  for  vagal  stimulation  is  not 
quite  clear.  More  recently  Sassa^-  has  studied  the  coronary  flow  by 
cannalising  the  coronary  arteries,  as  suggested  by  Porter^",  in  the  intact 
and  isolated  heart  of  the  cat,  and  has  measured  the  rate  of  inflow  by 
Atzler  and  Frank's  method^  which  removes  some  of  the  objections  put 
forward  by  Wiggers.  A  decreased  flow  was  usually  recorded  in  the  beginning 
of  sympathetic  stimulation  even  with  an  increased  cardiac  rate,  whereas  on 
vagal  stimulation  there  was  an  initial  increase  in  the  rate  of  inflow  associated 
with  a  reduced  cardiac  rate.  He  was  api)arently  uncertain  as  to  the  inter- 
pretation of  these  residts,  and  refrains  from  attributing  the  action  directly  to 
the  cardiac  nerves.  It  was  unfortunate  that  this  worker  did  not  control  the 
cardiac  rate;  his  results  are  very  suggestive,  but  might  have  been  more 
striking  had  he  taken  this  factor  into  consideration. 

Direct  inspection  of  vessels.  Finally  the  action  of  the  vagi  and 
sympathetic  nerves  on  the  coronary  vessels  has  been  studied  by  inspection 
with  the  naked  eye  or  with  the  aid  of  a  magnifying  glass.  Dogiel  and 
Archangelsky®  observed  the  change  in  the  size  of  the  coronary  vessels  of 
the  cat,  dog  and  tortoise  after  bringing  the  heart  to  a  standstill  by  vagal 
stimulation  and  then  stimulating  the  sympathetic  nerve.  They  obtained 
the  sympathetic  effect  in  the  cat  and  dog  by  stimulating  the  annulus 
Vieussensii,  and  state  that  they  repeatedly  noted  a  decrease  in  the  size  of 
the  superficial  coronary  arteries  with  an  increase  in  the  diameter  of  the 
accompanying  veins  during  sympathetic  stimulation.  They  published 
photographs  of  the  heart  of  the  dog  and  tortoise  during  the  period  of  standstill 
before  and  after  stimulation  of  the  symi)athctic,  but  these  i)hotographs  do 
not  clearly  show  the  results  which  they  wish  to  illustrate. 

Observations. 

The  following  report  is  based  on  observations  on  the  action  of  adrenalin 
and  vagal  stimulation  on  the  coronary  arteries  of  the  tortoise  (Testudo  grceca). 
The  tortoise  has  been  cho.sen  because  it  has  a  heart  which  beats  slowly  and 
without  much  movement,  because  the  exjiosed  heart  remains  in  good 
condition  for  hours  at  room  temperature,  and  because  it  is  beheved  that  the 
vagus  has  no  action  on  the  force  of  the  contraction  of  the  ventricle.  The 
animal  is  pithed  and  the  heart  exposed  by  removing  a  circular  piece  of  the 
carapace.  The  two  trachea;  are  exposed  and  a  branched  cannula  introduced. 
The  cannula  is  connected  to  a  pressure  bottle  or  respiratory  apparatus  in 
order  to  maintain  a  constant  pressure  within  the  carajmce  and  thus  to 
promote  a  steady  return  of  the  venous  blood  to  the  heart.     This  ensures  a 
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complete  filling  of  the  ventricle  and  maintains  a  satisfactory  flow  tlirough 
the  coronary  ai-teries.  The  jjericarilium  being  opened,  the  vessels  are  observed 
through  a  microscope,  provided  with  a  No.  1  eyepiece  and  a  2  inch  objective. 
This  combination  gives  a  magnification  of  seventeen  times,  is  sufficient  to 
clearly  display  the  blood  flow  in  the  larger  arteries  and  veins,  and  is  just 
sufficient  to  enable  the  individual  corpuscles  to  be  seen  passing  through 
the  capillaries. 

The  heart  of  the  tortoise  is  provided  with  a  single  coronary  artery,  which, 
si^ringing  from  the  aorta  high  up  and  passing  directly  downwards  along  its 
right  surface,  quickly  divides  into  two  main  branches.  These  two  main 
branches,  one  going  to  the  left  and  the  other  to  the  right,  encircle  the  base 
of  the  ventricle,  and  divide  into  one  or  more  larger  branches  and  several 
smaller  ones  which  extend  down  on  the  dorsal  and  ventral  surface  of  the 
ventricle.  The  arteries  on  the  surface  of  the  ventricle  divide  or  send  off  a 
few  branches,  and  these,  while  still  of  good  size,  dip  and  penetrate  into  the 
musculature.  Very  small  arteries  are  rarely  to  be  seen  on  the  surface  of  the 
ventricle.  Two  small  arteries  course  towards  the  head  from  the  main  ventral 
circular  vessel  at  the  base  of  the  ventricle  and  supply  the  beginning  of  the 
pulmonary  artery  and  aorta.  In  the  exposed  tortoise  heart  the  pulmonary 
artery  Ues  to  the  left  and  slightly  ventral  to  the  aorta  as  in  higher  animals. 
One  of  the  arteries  (about  006-01  mm.  in  diameter)  runs  on  the  left  lateral 
aspect  of  the  pulmonary  artery,  while  the  other  and  shghtly  larger  one  passes 
up  the  vessels  in  the  sulcus  between  the  aorta  and  the  ^julmonary  artery  ; 
these  two  arteries  give  off  lateral  branches  which  divide  and  sub-divide  into 
smaller  arterioles.  The  arterioles  which  passed  across  the  ventral  surface 
of  the  pulmonary  artery  have  been  selected  for  study,  as  this  artery  is  easily 
pulled  forward  and  made  relatively  stationary  by  means  of  a  small  stitch 
in  its  pericardial  attachment.  A  very  satisfactory  microscopic  field  is  thus 
obtained  since  the  wall  of  the  pulmonary  artery,  when  well  illuminated, 
forms  a  brilliant  background  against  which  arteries,  capillaries  and  venules 
stand  out  ;  in  tliis  field  the  circulation  of  the  blood  can  easily  be  studied  in 
detail.  The  arteries  supplying  the  ventricle  can  also  be  well  studied  by  this 
method,  although  the  movements  of  systole  cannot  be  so  fully  eUminated  ; 
the  size  of,  and  the  blood  flow  in,  the  superficial  vessels  can  be  determined 
easily. 

The  blood  is  collected  into  veins  which  usually  accompany  the  arteries. 
It  may  be  added  that  the  veins  are  less  sinuous  than  the  arteries  and  are 
redder  in  colour,  the  latter  having  a  bluish  tinge.  When  a  vein  crosses  an 
artery  it  usually  passes  deep  to  the  latter.  The  veins  empty  into  vessels 
which  encircle  the  base  of  the  ventricle  and  flow  into  the  coronary  vein. 

The  influence  of  the  heart  beat  on  the  blood  flow  in  the  coronary 
arteries  and  veins  which,  so  far  as  is  known,  has  not  hitherto  been  studied 
under  the  microscope,  is  well  seen  in  tliis  tortoise  preparation.  The  flow  in 
the  arteries,  arterioles  and  venules  lying  on  the  pulmonary  artery  and  aorta 
is  greatest  during  systole,  and  gradually  decreases  throughout  diastole,  but 
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the  flow  is  continuous  throughout  the  whole  cardiac  cycle.  In  the  superficial 
arteries  supplying  the  ventricle,  if  these  dip  into  the  musculature,  the  rate 
of  flow  decreases  witli  tlie  onset  of  systole,  and  as  the  muscle  hardens  is 
often  brought  to  a  standstill  ;  not  infrequently,  the  arterial  blood  flow  may 
actually  be  reversed  towards  the  end  of  systole.  In  early  diastole,  the 
flow  is  very  rapid,  and  subsequently  decreases  up  to  the  onset  of  the  next 
systole.  On  occasions,  however,  a  superficial  artery  is  seen  wliich  com- 
municates directly  with  a  superficial  vein.  Under  these  circumstances  the 
flow  is  similar  to  that  seen  in  the  vessels  lying  on  the  pulmonary  artery  and 
aorta. 

In  the  veins  which  emerge  from  the  ventricular  muscle  and  pass  directly 
to  the  circular  vein  at  the  base,  the  blood  flows  in  very  rapidly  at  the  beginning 
of  systole,  stops  momentarily  at  the  end  of  systole,  and  flows  again,  though 
slowly,  during  diastole.  If  superficial  venous  anastomoses  are  verj-  free,  the 
flow  changes  are  often  more  complex  and  difficult  to  unravel. 

The  action  of  adrenalin.  The  action  of  Park  Da  vies  and  Company's 
adrenalin  chloride  placed  directly  on  the  coronarj?  arteries  has  been  studied 
on  thirteen  tortoises.  The  usual  tlilution  employed  has  been  1  in  10,000, 
which  was  obtained  by  diluting  the  B.P.  1  in  1,000  solution  ten  times  with 
alkahne  Ringer's  solution.*  In  a  few  instances  a  1  in  1,000  or  1  in  100,000  con- 
centration has  been  employed.  The  solution  is  apphed  to  the  artery  under 
observation  by  picking  up  a  minute  drop  on  the  end  of  a  fine  glass  rod  and 
lowering  it  until  the  drop  just  touches  the  tissue  and  detaches  itself.  If, 
however,  a  single  drop  is  found  to  spread,  a  small  piece  of  filter  paper  or 
cotton  wool  soaked  in  the  solution  is  gently  placed  on  the  desired  spot  and 
maintained  upon  it  for  a  minute  or  two.  Care  is  taken  that  Uttle  pressure 
or  frictionf  is  exerted  on  the  tissues  ;  usually  the  glass  rod  does  not  touch 
the  tissues.  Observations  have,  for  the  most  part,  been  made  on  the  action 
of  adrenaUn  on  the  vessels  of  the  pulmonary  artery.  These  vessels  belong  to 
the  coronary  system  but,  lying  as  they  do  on  the  pulmonary  artery,  are, 
strictly  speaking,  vaso-vasora.  They  are,  however,  in  all  ijrobabihty 
provided  with  the  same  nerve  suppl}'  as  the  coronary  vessels  supplying  the 
ventricle,  and  similar  reactions  should  be  obtained  from  both  sets  of  vessels. 
In  another  series  of  observations  the  vessels  of  the  ventricle  itself  have 
been  similarly  investigated. 

A  typical  reaction  of  the  arteries  Ijing  on  the  pulmonarj'  artery  to  a 
drop  of  adrenalin  solution  has  been  obtained  in  eleven  out  of  thirteen 
tortoises.  Within  two  minutes  of  appljing  the  drop,  the  artery  becomes 
definitely  constricted  and  the  blood  flow  in  it  ceases  ;  often  large  portions 
of  the  artery  disappear  and  its  course  is  indicated  in  those  parts  only  where 


*  The  Ph.  of  this  solution  was  under  8-0. 

t  Dehberate  mechanical  stimulation  of  the  artery  with  the  glass  rod  often  gives  rise  to  definite 
local  constriction,  which  passes  off  within  a  few  minutes.  It  is  easily  differentiated  from  the 
long  lasting  and  more  diffuse  eonstriotion  produced  by  adrenalin. 
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corpuscles  are  trapped.  Frequently  within  one  minute  the  vessel  is  thought 
to  be  constricted,  but  a  sUght  degree  of  constriction  is  difficult  to  estimate, 
and  it  is  only  when  the  constriction  becomes  well  advanced  that  a  confident 
judgment  on  the  reaction  can  be  formed.  A  similar  reaction  is  often  seen 
in  neighbouring  arteries,  but  it  is  delayed  and  is  ascribed  to  surface  spread 
of  the  adrenalin  solution.  The  constriction  so  jjroduced  persists  ordinarily 
for  from  45  to  90  minutes.  In  occasional  instances  the  action  is  seen  to  be 
more  fleeting,  the  blood  flow  being  again  observed  after  three  to  five  minutes 
and  the  artery  soon  returning  to  its  normal  dimensions.  Whether  the  con- 
striction is  fleeting  or,  as  is  more  usual,  prolonged,  the  vessel  always  regains 
its  original  calibre  and  can  then  be  constricted  again  by  a  further  application 
of  the  drug.  The  diameter  of  tlie  arteries  studied  in  these  observations  has 
varied  from  OOl-O-l  mm..  The  adrenalin  reaction  on  the  main  branch, 
wliieh  runs  on  to  the  pulmonary  artery  from  the  coronary  vessel,  and  the 
diameter  of  wliich  is  about  01  mm.,  is  not  as  striking  or  as  constant  as  on 
the  smaller  end  branches  particularly  studied.  In  most  instances  a  definite 
constriction  lias  been  observed,  and  in  four  animals  this  main  artery  has  been 
seen  at  some  time  during  the  experiment  to  be  entirely  closed  as  far  back 
as  its  point  of  origin.  In  two  tortoises,  however,  no  apparent  change  in  the 
size  of  the  vessel  could  be  detected,  possibly  because  the  solution  failed  to 
reach  it — it  is  more  deeply  covered  than  its  end  branches — or  possibly 
because  its  susceptibihty  to  adrenahn  has  the  same  local  variation  as  has  been 
described  by  Krogh  in  the  arteries  of  the  frog's  tongue. 

The  arteries  on  the  ventricles  have  been  studied  in  five  tortoises,  the 
diameters  of  these  vessels  varying  from  0-04-014  mm..  A  number  of 
vessels  has  been  tested  on  each  ventricle  and  in  most  of  the  animals  good 
constriction  in  response  to  adrenahn,  in  1  to  10,000  solution,  has  been 
observed.  Within  a  minute  of  the  application  of  the  adrenahn,  a  white  fine 
develops  on  each  .side  of  the  artery  under  observation,  extending  into  and 
indenting  the  artery  here  and  there.  As  the  constriction  progresses  the  wMte 
line  on  each  side  becomes  more  definite,  the  lumen  narrower  ;  in  some 
instances  the  blood  disappears  from  the  lumen  and  the  original  course  of  the 
vessel  is  marked  by  a  ribbon  hke  wliite  fine.  The  reaction  is  completed  in 
three  to  ten  minutes,  and  persists  as  long  as  H  hours.  The  neighbouring 
vessels  are  sometimes  similarly  affected,  but  in  them  the  reaction  is  delayed. 
The  degree  of  constriction,  however,  ordinarily  to  be  observed  is  rarely  as 
great  as  in  the  small  vessels  of  the  jjulmonary  artery.  In  tliis  connection 
it  may  be  recalled  that  the  main  arteries  on  the  pulmonary  artery  do  not 
seem  to  respond  so  well  as  the  smaller  branches. 

Effect  of  vagal  stimulation.  The  action  of  vagal  stimulation  upon  the 
coronary  vessels  of  the  pulmonary  artery  and  of  the  ventricle  itself  has  been 
stucUed.  Both  vagi  were  exposed  and  kept  moist.  They  were  stimulated  by 
a  faradising  current  of  sufficient  strength  either  to  slow  or  to  completely 
arrest  the  naturally  beating  heart.     The  ventricle  was  driven  rhythmically 
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throughout  the  observation  at  a  rate  sUghtly  above  the  natural  heart  rate, 
so  that  as  far  as  possible  the  supply  of  blood  to  the  coronaries  might  be 
maintained.  We  have  been  unable  to  observe  any  change  in  size  in  the 
normal  vessel  when  the  vagi  were  stimulated,  but,  as  has  been  pointed  out, 
slight  changes  in  the  cahbre  cannot  be  detected  with  any  certainty.  If, 
however,  the  artery  has  previously  been  constricted  by  adrenahn,  vagal 
stimulation  invariably  dilates  the  vessel.  An  arteriole  on  the  pulmonary 
artery  is  completclj-  constricted  by  adrenahn  so  that  it  practically  cUsappears 
and  is  closely  observed  for  a  period  of  5  to  10  minutes  to  detect  any  possible 
change  ;  if,  at  the  end  of  this  period,  the  condition  of  the  artery  appears 
constant,  either  the  right  or  left  vagus  is  stimulated.  The  duration  of  vagal 
stimulation  varies  from  2  to  4  minutes.  Usually  within  2  minutes  after  the 
onset  of  vagal  stimulation  the  artery  again  becomes  apparent,  the  blood 
begins  to  flow  in  it  and  in  many  instances  the  vessel  opens  quickly  to  its 
original  size.  After  the  withdrawal  of  the  stimulation  the  artery  constricts 
again  and  becomes  invisible,  though  this  by  no  means  invariably  happens. 
When  it  does  happen  dilatation  can  repeatedly  be  induced  in  the  same 
vessel.  On  the  occasions  when  reclosure  does  not  occur  the  vessel  can  be 
constricted  again  with  adrenalin  ;  to  be  opened  once  more  by  vagal  stimu- 
lation. In  no  instances  have  we  failed  to  open  a  constricted  vessel  by  one 
or  more  vagal  stimulations,  though  on  occasion  a  first  and  more  rarely  a 
second  stimulation  has  been  unsuccessful  ;  initial  failure  is  commonest  when 
stimulation  follows  soon  after  the  vessel  has  been  closed  by  adrenalin. 

The  vessels  of  the  ventricle  have  been  similarly  investigated  and  with 
similar  results. 

In  two  of  our  tortoises  a  cannula  has  been  introduced  into  the  carotid 
artery  and  the  blood  pressure  observed  by  means  of  a  mercurial  manometer. 
The  initial  blood  pressures  averaged  50  mm.  Hg..  During  vagal  stimulation 
the  pressiu-e  fell  about  2  mm.  Hg.,  gradually  returning  to  its  former  level 
after  the  withdrawal  of  vagal  srimulation.  These  observations  have  been 
undertaken  inider  the  usual  conditions  of  our  experiments,  namely,  with 
a  ventricle  rcsj^onding  throughout  to  regular  induction  shocks,  with  a  view 
to  excluding  change  in  the  general  blood  pressure  as  a  cause  of  the 
coronary  reaction. 

Effects  of  vagal  slimulalinn  after  alrnpine.  In  two  tortoises  01  cc.  of 
a  01  per  cent,  solution  of  atropine  has  been  injected  intravenously,  a  dose 
found  to  be  sufficient  to  prevent  vagal  inhibition.  An  arteriole  on  the 
pulmonary  vessel  has  then  been  constricted  in  the  usual  way  by  adrenalin  and 
repeated  vagal  stimulation  has  failed  to  induce  dilatation,  although  the 
current  strength  used  has  been  greater  than  that  required  to  produce  complete 
cardiac  standstill  in  the  animal  before  atropinisation.  In  both  these  tortoises, 
either  before  atropinisation  or  after  the  atropine  reaction  had  passed  off, 
the  arteries  constricted  to  adrenahn  and  opened  up  on  subsequent  vagal 
stimulation. 
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In  two  other  tortoises  01  per  cent,  atropine  was  applied  locally  to 
arteries  already  constricted  by  adrenalin.  Under  these  circumstances  vagal 
stimulation  occasionally  opened  the  vessel.  If,  however,  1  in  1,000  adrenalin 
solution  was  diluted  to  1  in  10,000  by  adding  01  per  cent,  atropine  Ringer 
and  then  applied  to  the  vessel,  the  constriction  which  followed  could  not  be 
influenced  by  vagal  stimulation.  These  statements  apply  both  to  the 
vessels  supplying  the  2)ulmonary  artery  and  to  these  coursing  on  the 
ventricle. 

tSuMMARY. 

In  the  tortoise  heart  beating  in  situ,  adrenalin  in  a  dilution  of  1  to 
10,000,  or  even  to  1  to  100,000  applied  directly  to  branches  of  the  coronary 
arteries  unmistakably  constricts  these  vessels.  The  finer  arterial  branches 
appear  to  be  more  susceptible  than  the  larger  ones,  giving  more  constant  effects 
and  constriction  of  a  more  uniform  degree  along  the  course  of  the  vessel.  The 
constriction  is  long  lasting,  but,  gradually  passing  off,  may  be  repeated  when 
the  drug  is  reapphed.  Arteries  so  constricted  can  usually  be  opened  up  to 
their  full  extent  by  stimulation  of  the  right  or  left  vagus  nerve.  Constriction 
returns,  often  though  not  invariably,  when  the  effect  of  vagal  stimulation 
subsides  ;  in  such  instances  dilatation  can  be  induced  again  by  restimulation 
of  the  vagus.  These  effects  do  not  result  from  change  in  blood  pressure  or 
from  altered  heart  rate.  General  or  local  atropinisation  of  the  animal 
abolishes  the  vagal  reaction.  The  observations  here  recorded  have  been 
repeatedly  and  successfully  demonstrated  to  other  workers  in  the  laboratory. 
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81N0-AURICULAR  HEART  BLOCK  IN  A  DOG  SUFFERIN(J  FROIM 
EXPERIMENTAL   STREPTOCOCCUS   ENDOCARDITIS. 

PAUL   S.   BARKER  and  RALPH   A.    KINSELLA. 

{From  (he  Deparlwent  of  Internal  Medicine,  Washington  University  School  of 
Medicine,  St.  Lonis.) 


SiNO-AURicuLAR  heart  block  in  its  simplest  recognisable  form  consists  of 
occasional  dropped  beats  of  the  whole  heart,  auricles  and  ventricles,  thus 
producing  pauses  approximately  equaUing  two  complete  cardiac  cycles.  It 
was  first  graphically  recorded  by  Mackenzie*  in  1902.  Wenckebach"  in 
1906  attributed  this  disturbance  to  the  blocking  of  the  normal  rhythmic 
impulse  in  passing  between  sinus  and  auricle.  His  explanation,  in  so  far 
as  it  is  here  stated,  is  now  generally  accepted,  but,  as  Lewis*  has  pointed 
out,  this  acceptance  can  at  present  be  only  provisional,  cliiefly  because 
of  "  our  inabiUty  to  recognise  an  anatomical  or  physiological  basis  for  a 
block  in  this  region  of  the  mammaUan  heart." 

The  anatomical  connection  of  the  sino-auricular  node  with  the  auricle 
is  diffuse.  Lewis*  has  shown  that  the  impulse  arising  in  the  node  spreads 
in  all  directions.  Experimental  work^'  '^-  ^  on  mammals  demonstrates 
that  blocks  between  sino-auricular  node  and  auricle  are  not  produced  until  the 
node  is  surrounded  on  all  sides  by  injured  tissue.  Such  experiments,  however, 
will  scarcely  explain  the  usual  chnical  condition,  which  is  most  common 
after  digitalis  administration*' "  and  in  healthy  young  people*' '".  It  is 
frequently  associated  with  impaired  auriculo-ventricular  condition  and  is 
probably  often  due  to  increased  vagal  tone*'  ^.  While  it  occasionally  occurs 
in  the  subjects  of  heart  disease,  sino-auricular  block  in  itself  is  not  usually 
regarded  as  a  sign  of  disease^'  ^*. 

Sino-auricular  block  due  to  demonstrable  disease  of  the  tissues  about 
the  sino-auricular  node  has  not  been  reported  ;  presumably  lesions  extensive 
enough  to  surround  the  node  are  rarely  the  cause.  Such  lesions  have 
recently  been  found  by  us  in  a  dog  which  had  sino-auricular  block  ;  wliile 
an  anatomical  basis  for  the  block  is  apparent  in  this  instance,  it  is  distinctly 
not  impUed   that  sino-auricular  block  as   commonly   observed  in    man   is 
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produced  in  tliis  way.  The  dog  was  the  subject  of  an  experimental 
streptococcus  endocarditis-''.  After  injuring  the  mitral  valve  by  means 
of  a  valvulotome  passed  into  the  heart  through  the  left  common  carotid 
artery,  the  animal  was  infected  intravenously  with  streptococcus  viridans. 
There  was  a  loud  systolic  murmur  over  the  entire  precordium,  and 
abundant  evidence  of  streptococcus  viridans  endocarditis,  including 
positive  blood  cultures.  The  electrocardiograms  taken  on  the  19th,  20th 
and  21st  days  after  infection  show  sino-auricular  block.  Death  occurred  on 
the  25th  day. 

Excepting  a  slight  respiratory  arrhythmia,  the  most  common  irregularity 
is  a  simple  intermission  of  the  whole  heart,  giving  a  long  pause  equalling 
approximately  two  normal  cardiac  cycles.  Occasionally  this  pause  is  longer, 
being  about  two  and  one-half  times  the  normal  cycle,  and  it  is  then  sometimes 
followed  by  a  cycle  which  is  one  and  one-half  times  the  normal.  At  other 
times,  during  the  long  pause,  a  single  escape  of  the  ventricles  occurs. 
Occasionally  two  successive  ventricular  escapes  are  seen.  In  these  escaped 
beats  no  auricular  waves  are  distinguishable,  and  their  time  relations  do  not 
suggest  that  they  are  ventricular  responses  to  impulses  arising  in  the  sino- 
aimcular  node  and  faiUng  to  reach  the  auricles.  They  are  unlike  the  normal 
ventricular  complexes,  and  appear  to  arise  in  the  left  ventricle.  They  are  not 
premature.  Curves  of  these  irregularities  are  shown  in  Fig.  1  in  the  order 
described.    The  P-R  interval  is  normal. 

At  autopsy  there  were  numerous  petecliial  spots  over  the  skin  of  the 
abdomen,  in  the  muscles  everywhere,  and  in  the  pleurae,  pericardium, 
and  peritoneum.  The  lungs  showed  recent  multiple  small  infarctions. 
Vegetations  were  present  on  the  mitral  valve.  The  other  valves  were 
normal.  The  wall  of  the  right  atrium  showed  conspicuous  oedema, 
especially  in  the  region  of  the  sulcus  terminalis.  Miu-al  endocarditis  was 
beginning  in  the  right  atrium.  Evidence  that  the  right  side  of  the  heart 
had  been  injured  at  the  operation  did  not  exist. 

Microscopic  sections  reveal  a  considerable  and  rather  diffuse  infiltration 
of  the  wall  of  the  right  atrium  by  lymphocytes  and  large  mononuclear  cells, 
and  separation  of  the  muscle  cells  by  oedema.  The  infiltration  is  not  limited 
to  the  interstitial  tissue,  but  also  involves  the  muscle  cells  in  many  places. 
Occasional  polymorphonuclear  leucocytes  are  seen.  The  intensity  of  the 
reaction  varies  from  place  to  place.  Where  the  reaction  is  more  intense  the 
muscle  cells  are  widely  separated  and  some  destroyed  ;  in  many  there  is 
moderate  granular  degeneration,  and  in  most  places  the  transverse  striation 
is  lost ;  in  some  places  the  nuclei  are  pyknotic.  There  is  no  increase  in 
connective  tissue,  excepting  about  some  of  the  smaller  arteries,  where  the 
increase  is  slight.  This  lesion  (Fig.  2)  is  present  in  varying  degree  on  all 
sides  of  the  sino-auricular  node,  which  is  thus  completely  surrounded  by 
diseased  tissue.  The  node  itself  appears  almost  normal  (Fig.  3).  The 
ventricular  muscle  shows  slight  granular  degeneration  and  a  few  small  foci 
of  lymphocytic  infiltration. 
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Summary. 

A  dog  suffering  from  ex])('riineiital  streptococcu.s  endocarditis  (le\cloj)ed 
sino-auricular  block  shortly  before  death. 

Post-mortem  an  inflammatory  process  was  seen  to  involve  the  wall  of 
the  right  atrium  on  all  sides  of  the  sino-auricular  node.  The  node  itself 
appeared  normal. 

Although  an  anatomical  basis  for  sino-auricular  block  is  evident  in  tliis 
isolated  case,  it  is  not  implied  that  sino-auricular  block  as  commonly  observed 
in  man  arises  in  this  fasMon. 
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Fig.    1.     Sino-aiiiiciilar  li 


»itli  \iiriations  and  ventricular  escapes  as  described  in  tlje  text- 
Lead   /  /.     Time,  0-2  see. 
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V\\i.  2.    Wall  nf  ri.jhf  atrintn  near  sin.>.anricnl!i.r  node  (  v  l.-i(|). 
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NOTES    ON    THE    ACTION    OF    CERTAIN    DRUGS    IN    CLINICAL 

FLUTTER. 

By  A.  M.  WEDD. 

(From  the  Mercy   Hospital,   Pittsburgh.) 


These  observations  are  taken  from  a  study  of  twelve  cases  of  pure  flutter 
and  are  of  interest  in  their  relation  to  a  simi^le  circus  movement  as  the 
basis  of  this  disorder.  Almost  with  its  recognition  as  a  separate  meclianism 
two  important  therapeutic  facts  were  ascertained,  namely,  that  experimental 
flutter  could  be  converted  to  fibrillation  by  vagal  stimulation  and  that  by 
the  administration  of  digitalis  cUiiical  flutter  was  usually  converted  into 
fibrillation,  following  wliich  the  normal  rhythm  frequently  reasserted  itself. 

Dicjitalis. — The  changes  produced  by  digitaHs  in  this  series  are  given 
in  Table  I.  The  change  of  auricular  movement  is  seen  to  be  small  as  a  rule 
and  to  occur  in  either  direction,  although  the  general  tendency  seems  to  be 
toward  an  increase  of  rate.  The  final  effect  on  the  flutter  cannot  be  predicted 
from  the  initial  change  in  auricular  rate,  but  no  definite  conclusion  should 
be  drawn,  since  changes  often  occur  suddenly  and  the  interval  between 
records  in  these  cases  was  usually  15  to  24  hours.  In  Case  I,  on  two  occasions, 
an  increase  in  rate  occurred  before  the  auricle  fibrillated  ;  observation  c  was 
made  two  years  later  and  a  different  digitalis  preparation  was  used  ;  no 
change  in  auricular  rate  was  recorded  before  the  onset  of  fibrillation  in  this 
instance.  In  Cases  3  and  13  (b)  an  initial  rise  was  followed  by  a  subsequent 
fall  of  rate  before  the  onset  of  fibrillation.  No  records  were  taken  in  Case  2 
before  digitalis  was  given,  but  as  242  beats  per  minute  is  an  unusually  low 
rate  for  flutter  it  seems  probable  that  the  action  throughout  was  to  lower 
the  rate.  In  this  case  several  courses  of  digitaUs  failed  to  produce  fibrillation  ; 
only  high-grade  A-  V  block  resulted.  Likewise  in  Case  5  there  was  a  fall  in 
auricular  rate  and  normal  rhythm  apjjeared,  but  a  period  of  fibrillation 
during  the  15  hours  between  examinations  cannot  be  excluded.  This  case 
is  especially  interesting,  for  the  digitalis-atropine  reactions  (Table  II)  after 
the  onset  of  the  normal  rhythm  show  the  usual  dual  action  of  cUgitaUs  on 
the  A-  V  node.  In  a  recent  study  of  the  action  of  digitaHs  on  the  fibrillating 
auricle^  it  was  found  that  with  full  therapeutic  doses  an  increase  in  auricular 
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TABLE  I. 

Action  of  digitalis  on  flutter. 


Case. 

Rate  before  digitalis. 

Digitalis  administered. 

Rate  afte 

r  digitalis. 

auricle 

ventricle 

cc. 

time 

auricle 

ventricle 

1     a 

296 

116 

24 

48 

2  days 
4  days 

303 
fibrillation 

122 
86 

b 

292 

81 

88 
96 

10  days 

11  days 

306 
fibrillation 

65 
71 

c 

282 

83 

86 
104 

6  days 

7  days 

282 
fibrillation 

70 
61 

2 

Not  rec 

orded 

29 

30 

52 

0 

10/28/17 

11/3/17 

11/9/17 

12/7/17 

242 
226 
228 
230 

84 
56 
57 
115 

3 

280 

143 

57 
69 
81 

5  days 

6  days 

7  days 

294 

288 

fibrillation 

98 
72 
66 

4 
5 

Normal 
rhytluu 

275 

80 
83 

25* 

21-5 
29 

4  days 

2  days 

3  days 

206 

264 
Normal 

68 

66 
81 

10 

200 

130 

30  cc. 

3  days 

286 

105 

11 

310                       79 

8  cc. 
24  cc. 

2hr8. 
3  days 

300 
308 

70 
74 

13     a 

308                     154 

24  cc. 

3  days 

300 

118 

6t 

306         1            101 

24  cc. 
34  cc. 
40  cc. 

3  days 

4  days 

5  days 

329 

320 
fibrillation 

84 
80 

76 

*  1  mg.  strophanthin  plus  25  cc.  tincture. 

t  Reading  4  days  after  end  of  Ist  course  of  digitalis. 

TABLE  II. 

Reactions  to  digitalis  and  atropine  in  Case  5 


Date. 

Aur.  rate. 

Vent.  rate. 

Drug. 

Block. 

May  5 

Norm.  mech. 

75 

— 

P-  li— 0-20 

June  7 

275 

83 

3  :  1—6  :  1 

June  7 

264 

132 

Atropine  2  mg. 

2:  1 

June  9 

204 

80 

Tr.  dig.  11-5  cc. 

3  :  1—5  :  1 

June  10 

264 

60 

Tr.  dig.  21-5  cc. 

4:  1 

June  11 

Norm,  uiech. 

81 

Tr.  dig.  29  cc. 

P-fl— 0-24 

June  11 

.. 

99 

Atropine  2  mg. 

P-fl— 018 

•lune  12 

., 

89 

Tr.  dig.  39  cc. 

P-  R— 0-4:0 

June  )2 

..            ., 

lot 

.\t roi>iiie  2  rag. 

P-  R—0-24 

1 
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rate  usually  occurs,  and  the  possibility  of  a  dual  action  of  that  dinig  on  the 
auricle  was  considered,  namely,  that  it  has  a  direct  action  on  the  muscle 
which  by  lengthening  the  transmission  intervals  and  the  refractory  period 
slows  the  oscillation  rate,  and  an  indirect  action  which  by  stimulating  the 
vagal  system  and  shortening  the  refractory  period  increases  the  rate  of 
oscillations.  Thus,  any  change  in  aiu-icular  rate  occurring  under  digitalis 
expresses  the  resultant  of  these  antagonistic  influences.  The  failure  of 
digitalis  to  alter  the  auricular  rate  may  be  readily  explained  on  the  basis 
of  a  circus  movement,  the  antagonistic  reactions  being  so  balanced  as  to 
affect  equally  the  conduction  rate  and  the  refractory  jieriod  so  that  the  gap 
remains  unchanged,  and,  until  some  sudden  change  occurs  to  produce  block 
on  the  central  path,  the  circulating  wave  continues. 

Atropine. — Reactions  to  atropine  are  given  in  Table  III.  Records 
were  taken  at  intervals  of  10  or  15  minutes  for  one  to  one  and  a-half  hours 
after  the  injection  of  atropine  ;  the  rates  given  for  the  period  of  atropinisation 
are  those  presenting  the  maximum  change.  It  is  recognized  that  the  dose 
given  (2  mg.  subcutaneously)  is  insufficient  to  ensure  complete  paralj'sis 
of  the  vagus,  and  although  with  such  doses  in  cases  of  fibrillation  the  maxi- 
mum ventricidar  rate  is  often  obtained^  the  fall  in  auricular  rate  is  less  than 
^^^th  larger  doses.  The  results  given  are  therefore  of  qualitive  value  and 
indicate  the  directions  of  the  reaction  rather  than  a  complete  atropine  effect. 
The  first  four  cases  show  the  expected  result,  a  slight  fall  in  auricular  rate, 
dependent  on  increased  refractory  period  resulting  from  decreased  vagal 
tone,  and  a  rise  in  ventricular  rate,  consequent  on  the  estabUshment  of  a 
2  :  1  rhythm.  In  Case  10  only  of  the  series  did  the  ventricle  become  respon- 
sive to  more  than  every  second  auricular  beat,  and  it  so  happened  that  this 
was  the  only  case  in  which  pure  2  :  1  response  was  present  at  the  time  when 
atropine  was  given.  This  passage  into  1 : 1  response  is  probably  not  significant, 
for  earUer  when  there  was  an  irregular  ventricular  response  pressure  on  the 
neck  over  the  right  vagus  was  followed  by  an  increase  in  ventricular  rate  to 
194  (the  auricular  rate  could  not  be  counted),  which  can  be  attributed  only 
to  emotional  disturbances.  In  tliis  case  and  in  one  other  {Case  12)  there 
was  a  definite  increase  in  auricular  rate.  Rothberger  and  Winterberg* 
have  shown  that  in  experimental  flutter  stimulation  of  the  symi^athetic 
nerves  accelerates  the  rate  and  increases  the  force  of  both  auricle  and 
ventricle  and,  in  one  example  given,  the  auricular  rate  increased  from  556 
to  569  while  the  ventricular  rhythm  increased  from  3  :  1  to  3  :  2,  the  latter 
being  the  rh\'thm  obtained  in  Case  10  under  atropine.  In  Case  10,  beside 
the  usual  phenomena  produced  by  atropine,  there  was  mild  cerebral  dehrium. 
Nothing  was  noticed  in  Ca.se  12  that  suggested  unusual  sympathetic  activity  ; 
exercise,  walking  up  a  flight  of  stairs,  which  was  done  with  difficulty,  caused 
no  change  in  rate  of  either  auricle  or  ventricle  ;  following  atropine  the 
patient  spoke  without  prompting  of  blurred  vision  and  extreme  dryness  of 
mouth,  but  there  were  no  nervous  or  mental  changes.     In  Case  11  neither 
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TABLE     III. 

Kraclion  to  atropine. 


Case. 

Digitalis, 
cc 

Rates 
before  atropine. 

Block. 

Kates 
after  atropine. 

Block. 

auricle     '  ventricle 

auricle 

ventricle 

1 

0 

296                 116 

2  :  1—3  :  1 

288 

144 

2:  1 

2 

36 

226                   56 

3  :  1—6  :  1 

224                 112 

2:  1 

4 

25 

206       !            68 

2  :  1—3  :  1 

194 

97 

2:  1 

6 

0 

275                   83 

3  :  1—6  :  1 

264 

132 

2:  1 

10 

0 

261                 130 

2:  1 

268 

180 

2:  1,  1:  1 

12 

; 

260 

52 

3  :  1—7  :  1 

273 
273 

68 

88 

4:1              1  . 
2:1.3:1)1 

11 

0 

324                   81 

4:  1 

324                  SI 

4  ;   1 

*  The  dose  being  2  rag.  subcutaneously. 

t  Alternating  phases,  a  half  to  one  hour  after  atroi)ine. 


TABLE  IV. 
Summary  of  react  ions  to  qtiinklino  (maxinud  changes). 


Coic. 

Digitalis, 
cc. 

Rates  before 
quinidine. 

Total 

quinidine 

in 

Under  c 

uinidine. 

1 

auricle 

ventricle 

granunes. 

auricle 

ventricle 

9 

0 

268 

107 

1-2 

228 

92 

11 

0 

309 

76 

0-8* 

264 

132 

24 

308                        74 

1-2 
1-6 
2-2 

234 

220 

Normal 

99 
110 

77 

12 

0 

250                        60 

0-8* 
3-2 

208 
181 

104 
91 

13 

0 

304t                     152 

0-8* 
4-0 

256 
254 

128 
127 

24 

300 

118 

OS* 

254 

1          230 

127 
11.1 

*  Single  dose. 

f  Rates  on  the  17th  August.    The  reaction  to  a  first  dose  of  0-8  of  a  gramme  and 
corresponding  to  the  broken  line  in  Fig.  1. 


TREATMENT    OF    FLUTTER.  91 

auricular  nor  the  ventricular  rates  changed,  although  dryness  of  mouth, 
dilatation  of  pupils  and  blurring  of  \'ision  were  produced.  In  Case  2  the 
auricular  rate  fell  oidy  two  beats  but  the  ventricular  rate  doubled.  The 
auricular  rate  in  Case  11  was  the  highest  of  the  series  ;  it  may  be  that  this 
high  rate  of  auricular  beating  prevented  the  usual  increase  in  ventricular 
rate.  The  reaction  in  Case  4  is  of  especial  interest,  for  the  auricular  rate 
was  originally  low  ;  a  fall  in  auricular  rate  under  atropine  is  valuable  in 
differentiating  a  circus  rhythm  from  a  simple  tachycardia. 

Quinidine. — The  action  of  quinidine  sulphate  was  studied  in  four  cases 
(Table  IV).  In  this  table  the  lowest  rates  obtained  during  the  administration 
of  quinidine  are  given  ;  they  did  not  always  coincide  with  the  total  dose 
A  patient  (Case  9),  who  is  a  druggist,  would  not  come  into  the  hospital  ; 
three  doses  each  of  0-4  of  a  gramme  of  quinidine  were  taken  at  four  hoiuiy 
intervals  ;  about  one  hour  after  the  last  dose  he  experienced  sudden  weakness, 
profuse  perspiration,  blurring  of  vision,  ringing  in  the  head  and  a  sense  of 
mental  exhaltation  wliich  he  said  was  similar  to  that  once  felt  after  a  large 
dose  of  cocaine  ;  he  became  very  cyanotic,  the  heart  beat  rapidly  and  finally 
diarrhoea  supervened.  After  two  hours  the  symptoms  began  to  abate  and 
the  next  morning  the  patient  felt  as  well  as  usual.  An  electrocardiogram 
was  taken  15  hours  after  the  last  dose  of  quinidine.  Judging  from  the 
usual  speed  at  wliich  the  auricular  rate  recovers  after  C[uinidine,  the  fall  of 
auricular  rate  produced  must  have  been  exceptional,  and  very  probably 
led  at  the  time  of  his  attack  to  1  :  1  response  of  the  ventricle.  In  Case  12,  a 
single  dose  of  0-8  of  a  gramme  of  quinidine  was  first  given  and  then  the  drug 
was  administered  irregularly  so  as  to  produce  the  greatest  lowering  of 
auricular  rate.  The  principal  reactions  are  shown  in  Table  V.  The  patient 
received  in  all  3-2  grammes  and  became  toxic  .six  hours  after  the  last  dose 
had  been  given  ;  the  symptoms  were  restlessness,  profuse  perspiration, 
exhaustion  and  a  feehng  that  the  heart  would  stop  beating.  The  flutter 
continued  and  on  the  following  day  the  patient  left  hosi)ital.  In  Case  11, 
a  single  dose  of  0-8  of  a  gramme  was  given  and  at  the  end  of  two  hours  the 
auricular  rate  had  fallen  from  309  to  264  and  the  ventricular  rate  had  in- 
creased form  76  to  132.  Because  of  palpitation  during  the  period  of  rapid 
ventricular  beating  it  was  decided  to  give  digitahs  before  proceeding  with 
quinidine,  and  24  cc.  of  tincture  were  administered  in  three  days  ;  tliis 
produced  nausea.  Three  doses  of  0-4  of  a  gramme  of  quinidine  were  then 
given  during  the  night  and  a  fourth  dose  at  noon  on  the  next  day.  One  and 
one-half  hours  later  the  auricular  rate  was  220  and  the  ventricular  110. 
During  the  night  three  doses  of  0-2  of  a  gramme  were  given  and  on  tlie  followng 
morning  the  mechanism  was  normal  (see  Table  IV).  In  Case  13,  quinidine 
was  given  accordincr  to  the  plan  indicated  in  Case  12  and  the  principal  results 
in  this  case  are  given  in  Table  VI.  The  reactions  to  a  single  dose  of  0-8  of 
a  gramme  are  shown  in  Fig.  1  (broken  curve).  On  August  20th  and  21st 
2  grammes  were  given  in    18  hours,  and  the  auricular  rate  fell  from  308  to 
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TABLE  V. 

Qninidinc  reactions  in  Case  12. 


Auricular 

Ventricular 

Oay. 

Hour. 

Doses  of  quinidine. 

rate. 

rate. 

June  24 

9  :  45 
9:50 

Quinidine  sulphate    0-8  gm. 

250 

60 

11:50 

229 

68 

12:50 

208 

104 

June  25 

1 1  :  00 

4  :  00  and 
10  :  00  p.m. 

Quindine                      0-4  gm. 

234 

61 

June  2f> 

0:00 

Quinidine                     0-4  gm. 

U  :00 

196 

65 

11  :30 

Quinidine                     0-4  gm. 

12  :  00 

190 

70 

12:  30 

181 

91 

2  :  15 

193 

96 

3:  45 

Quinidine                     0-4  gm. 

5  :  20 

188 

83 

11  :00 

Quinidine                     0-2  gm. 

June  27 

fi:00 

Quinidine                     0-2  gm. 

1 1  :  40 

192 

90 

1  :  30 

212 

9S 

TABLE  VI. 
Quinidine  rcartioiLi,  Cii-sc  13. 


Auricular 

Ventricular 

Day. 

Hour. 

Doses  of 

quinidine. 

rate. 

rate. 

Before  digitalis. 

1 

Aug.  20 

10:00 

a  :  00  and 

308 

154 

12  :  00  ii.ni. 

Quinidine  sul| 

liate    0-4  gm. 

Aug.  21 

(1  :  00 

Quinidine 

0-4  gm. 

'.)  :  30 

282 

141 

9  :  35 

Quinidine 

0-4  gm. 

11  :30 

266 

133 

12  :  00 

Quinidine 

0-4  gm. 

3  :  00 

254 

127 

4:  00 

260 

130 

After  digitalis. 

Aug.  28 

10  :  00 

Quinidine 

2-2  gm.* 

300 

118 

Aug.  29 

3:50 

Quinidine 

20  gm.* 

248 

124 

Aug.  31 

9:  30 

272 

136 

10  :  35 

Quinidine 

0-6  gm. 

12:  00 

248 

124 

1  :00 

Quinidine 

0-4  gm. 

2  :  00 

240 

120 

2:  30 

236 

118 

3  :  00 

234 

117 

3:45 

Quinidine 

0-4  gm. 

4:45 
5  :  15 

230 
244 

115 
122 

Total  quantity  given  between  tlie  stated  time  intervals. 


TREATMENT    OF     FLUTTER. 


93 


>■ 

\ 

V 

\ 

IfO 

\ 

\ 

' 

\ 

\ 

■^ 

^ 

^ 

^. 

• 

^ 

y" 

r  ' 

^ 

I 



-- 

—J 

\, 

^ 

■^ 

V-- 

^-- 

^_ 

l^ 

/•fo 

^ 

> 

^ 

^ 

__ 

1 

1 

'  ■< 

r  ' 

/ 

-, 

:^ 

F^ 

-  -< 

r  - 

\^ 

/ 

\ 

< 

^ 

) 

» 

r' 

\ 

/ 

1 

N 

6 

4 

t 

I 

4 

% 

J^» 

3 

. 

i 

y 

*'i 

r 

Fig.    1.     Case  XIII.     Reactions  to  a  single   dose  of   0' 
Solid  line,  post  digitalis 


8  of   a  graimue   of   quinidine  sulphate, 
curves. 


254,  a  2  :  1  block  being  maintained,  and  the  blood  pressure  having  fallen 
from  130-90  to  100-60,  the  height  of  the  R  waves  in  lead  //  varied 
phasically  and  inequality  in  the  strength  of  the  radial  beats  appeared. 
Further  quinidine  was  given  on  two  succeeding  days,  but  the  lowest  auricular 
rate  attained  was  258.  Tincture  of  digitalis,  24  cc.  in  three  days,  was  then 
given  and  quinidine  repeated.  The  lowest  auricular  rate  that  could  be 
obtained  was  230.  The  ijaticnt  wished  to  leave  the  hos^Mtal  as  soon  as 
possible,  and  so,  after  an  interval  of  eight  days  during  wliich  a  total  of  5-6 
grammes  of  quinidine  had  been  given  without  affecting  the  flutter,  digitalis 
was  resumed  ;  40  cc.  were  taken  in  5  days  before  fibrillation  supervened. 
Two  days  later  the  rhythm  was  normal. 

The  combined  action  of  quinicUne  and  digitalis  studied  in  Case  13  is  of 
special  interest.  In  Fig.  1  are  shown  the  reactions  to  two  single  doses  of 
0-8  of  a  gramme  of  quinidine,  the  one  given  before  and  the  other  after  24  cc. 
of  tincture  of  digitahs.     Following  digitahs,  the  total  fall  in  auricular  rate 
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under  quiiiidine  was  the  same  as  in  tlie  control  observation  ;  in  fact  the 
two  auricular  curves  are  almost  identical  ;  the  chief  evidence  is  found  in 
the  ventricular  curves  ;  the  ventricle  responded  irregularly  3  hours  after 
quinidine  had  been  given  and  not  at  half  the  auricular  rate,  and  thus  the 
ventricular  rate  was  controlled  by  the  digitalis.  The  other  quinidine 
observations,  before  and  after  digitalis,  arc  not  strictly  comparable  in  time 
or  total  quantity  of  the  drug,  but  before  chgitalis  the  lowest  auricular  rate 
reached  under  quinicUne  was  254,  1-2  grammes  having  been  given  in  six 
hours  ;  because  of  fall  in  blood  pressure,  change  in  the  form  of  ventricular 
comjilexes  and  irregularity  of  the  volume  of  the  pulse,  it  was  felt  unwise 
to  give  further  quinidine  when  that  rate-level  had  been  reached.  After 
digitalis  a  fall  in  auricular  rate  to  230  was  produced  by  quinidine.  In  Case  11, 
before  digitalis,  a  single  dose  of  0-8  of  a  gramme  of  quinidine  was  given  and, 
after  digitalis,  three  doses  of  0-4  of  a  gramme  were  given  during  the  night  ; 
these  proceedings  are  not,  of  course,  comparable,  but  the  greater  slowing 
after  digitalis  (30  beats)  is  striking.*  The  foregoing  observations  suggest 
that  a  greater  lowering  of  auricular  rate  can  be  obtained  b}'  quinidine  if  the 
heart  is  first  digitalised. 

It  has  been  pointed  out  in  Cases  12  and  13  that,  after  quinidine,  certain 
lowered  auricular  rates  were  obtained  and  that  additional  c^uinidine  did  not 
produce  further  lowering.  These  results  agree  with  what  is  now  well  known, 
that  in  particular  cases  minimal  levels  are  reached  in  flutter,  which  cannot 
be  passed.  In  a  case  reported  by  Levy^  in  which  the  transition  from  flutter 
to  normal  rhythm  was  recorded,  shght  lengthening  of  the  cycles  just  preceding 
the  break  occurred,  but  as  Levy  expressed  it,  the  abruptness  of  change  was 
remarkable. 

Until  the  recent  introduction  of  quinidine  into  therapeutics  the  accepted 
treatment  of  flutter  was  the  administration  of  digitalis  until  fibrillation 
supervened  ;  the  drug  was  then  stopped  and  in  many  cases,  after  varying 
periods  of  time,  normal  riiythm  was  again  estabUshed.  In  three  out  of  four 
cases  of  tliis  series  fibrillation  so  produced  was  persistent.  It  is  now  clear 
that  a  transitional  stage  of  fibrillation  is  not  essential  to  the  restoration  of 
normal  rhythm  and,  in  the  treatment  of  flutter,  it  should  be  avoided  if 
possible.  From  the  foregoing  observations  it  would  seem  that  the  use  of 
quinidine,  or  a  combination  of  digitaUs  and  quinidine,  using  the  former  in  a 
quantity  short  of  that  wliich  will  jiroduce  fibrillation,  may  give  the  desired 
result.  There  seems  to  be  confusion  regarding  the  action  of  these  two  drugs 
and  their  possible  antagonistic  properties  ;  thus  in  a  recent  paper.  Hart' 
appears  to  ba.se  his  conception  of  antagonism  on  the  rise  of  ventricular  rate 
following  quinidine  \vithout  taking  into  account  the  lowered  auricular  rate. 
Each  drug  lias  a  dual  action  on  ventricular  rate,  the  vagal  elements  alone  are 
antagonistic  while  the  direct  actions  are  synergistic.  In  two  instances  lower 
rates  of  auricular  beating  were  obtained  by  combining  the  two  drugs,  and  this 

*  Tlie  more  so  since  (a.s  in  Case  13)  a  single  dose  of  0'8  of   a  granmie  i.s  usually  more  potent 
than  are  throe  separate  doses  of  0'4  of  a  gramme. 
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would  seem  to  be  desirable  since  a  lengthened  refractory  period  lends  to 
destroy  the  circus  movement.  The  value  of  previous  digitahs  medication  in 
protecting  the  ventricle  from  an  excessive  increase  in  rate  under  quinidine, 
already  pointed  out  for  fibrillation^,  is  likewise  seen  in  these  cases.  In 
Case  12  quinidine  alone  failed  to  break  the  flutter  and  in  Case  13  the 
combination  failed.  But  the  very  nature  of  a  circus  rhythm  is  such  that  an 
element  of  chance  prevails  in  attem^Dting  to  break  it  up,  and  this  is  borne  out 
in  the  experiences  of  converting  fibrillation  to  normal  rhythm  by  using 
quinidine  ;  failure  may  be  followed  by  success  on  a  second  or  third  trial, 
even  with  a  smaller  dosage  than  was  first  used.  Considering  all  the  factors,  it 
is  believed  that  the  combined  digitaUs-quinidine  medication  administered 
in  Cases  11  and  13  is  rational ;  from  the  standiJoint  of  therajjeutics,  Case  11 
Gtands  out  as  the  most  satisfactory  of  the  series. 


SXTMMARY. 

1.  The  action  of  digitalis,  atropine  and  quinidine  in  cUnical  auricular 
flutter  has  been  studied  and  the  results  found  to  be  consistent  with  the 
theory  of  a  circus  rhythm  as  the  underlying  cause  of  flutter. 

2.  The  changes  produced  by  digitahs  are  variable,  the  reaction  being  a 
complex  one  depending  on  the  dual  action  of  that  drug. 

3.  After  atropine,  the  auricular  rate  may  fall  or  it  may  increase.  The 
ventricle  tends  to  respond  at  a  half  rhythm. 

4.  Quinidine  produces  a  fall  of  auricular  rate  ;  the  change  in  ventricular 
rate  depends  on  its  initial  rate  of  beating,  it  may  rise  or  fall,  but  tends  to 
maintain  a  2  :  1  rhythm.  A  greater  lowering  of  auricular  rate  by  quinidine 
was  obtained  under  digitalis  than  without  it  in  two  cases. 

5.  It  is  suggested  that  in  treating  flutter  the  production  of  fibrillation 
should  be  avoided  and,  by  the  combined  use  of  quinidine  and  digitalis  or  by 
following  digitahs  by  quinidine,  to  attempt  to  break  up  the  circus  rhythm 
by  raising  the  refractory  period  of  the  muscle. 
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THE  DEVELOPMENT  AND  PROPAGATION  OF  THE  EXCITATORY 
PROCESS   IN  THE   PERFUSED   HEART. 

By  E.  COWLES  ANDRUS  and  EDWARD  P.  CARTER. 

{From  the    Cnrdiographic   Laboratory  of  the    Johns    Hopkins    Hospital  and 

University.) 


Any  hypothesis  relating  to  the  origin  of  the  lieart  beat  should  explain  the 
several  properties  of  cardiac  muscle.  It  should  explain  an  inherent  "  auto- 
maticity  "  which,  under  normal  conditions,  is  singularly  constant  yet  subject 
to  reflex  acceleration  or  retardation.  It  must  also  interpret  the  process 
involved  in  the  "  conduction  "  of  the  rhythmic  impulse  to  different  portions 
of  the  heart. 

Historical. 

The  conclusions  of  most  physiologists  who  have  investigated  the  origin 
of  the  cardiac  rhythm  have  this  in  common,  they  indicate  that  the  beat 
of  the  heart  is  in  some  way  dependent  upon  the  composition  of  the  fluid 
bathing  its  tissues.  The  e^^dence  begins  with  the  prediction  of  Haller^,  in 
1757  :  "  \Miosoever  considers  the  results  of  these  experiments  of  ours 
cannot  but  agree  with  us  that  the  cause  which  excites  the  heart  to  motion 
lies  altogether  in  the  venous  blood." 

The  work  of  Merunowicz^^  and  of  Ringer^'  pointed  to  the  importance 
of  the  inorganic  constituents  in  the  perfusion  fluid.  With  this  phase  of  the 
problem  the  studies  of  Locke^^,  HomcIU",  Mines^^,  and  A.  J.  Clark*  were 
prominently  concerned.  Langendorff^^,  in  1884,  suggested  that  the  stimulus 
for  the  rhythm  of  the  heart  arises  in  the  products  of  its  tissue  metabolism,  a 
\new  later  adopted  by  Engelmann'^.  Though  these  authors  did  not  attempt 
to  isolate  the  particular  substances  involved,  their  idea  was  apjDarently  a 
pregnant  one.  Mines,  in  1912'°,  supposed  that  "some  essential  part  of  the 
excitatory  or  contractile  mechanism  of  the  heart  involves  certain  surfaces 
or  membranes  whose  differential  ionic  permeability  must  be  kept  at  or  near 
a  certain  value.  Since,  other  things  being  equal,  the  permeabiUty  of  the 
membrane  depends  upon  its  electric  charge,  the  electric  charge  must  be 
kept  at  or  near  a  certain  value."  Later,  Mines^'  conceived  that  the 
abnormalities  of  contraction  resulting  from  over-rapid  stimulation  were 
incident  to  the  local  accumulation  of  lactic  acid. 
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Clark'',  \\orking  upon  the  heart  of  the  frog,  pointed  to  the  necessity  of 
maintaining  the  hydrogen  ion  concentration  of  the  perfusate  between  10"°' 
and  10~*''.  Daly  and  Clark®  reported  that  in  the  frog's  heart  the  effect  of 
"  feebly  acid  "  Ringer's  solution  is  to  reduce  the  force  of  the  beat  and  greatly 
to  impair  conduction  from  auricle  to  ventricle.  Mines^^  recorded  slowing  of 
the  frog's  heart  and  lengthening  of  the  A-V  interval  with  solutions  of 
hydrogen  ion  concentration  of  10~**,  and  with  one  of  10""  a  quickening  of  the 
rate  and  a  shortening  of  the  conduction  time.  Finally  Dale  and  Thacker^ 
demonstrated  that  the  range  of  hydrogen  ion  concentration  in  which 
automatic  rhythm  develojis  in  the  frog's  heart  shifts  towards  the  alkaline 
aide  as  one  passes  in  testing  from  the  venous  to  the  arterial  end  of  the  heart. 

To  summarise,  it  may  be  said  to  have  been  demonstrated  that  the 
heart  is  possessed  of  an  inherent  rhythmicity  dependent  upon  the  composition 
of  the  fluid  bathing  its  tissues  rather  than  ui)on  the  action  of  the  extrinsic 
nerves.  Particular  importance  has  been  attached  to  the  concentration  of 
sodium,  calcium,  and  potassium  ions  in  the  peifusing  fluid  and,  more 
recently,  to  the  hydrogen  ion  concentration.  The  heart  is  made  up  of  a 
mass  of  irritable,  conducting,  contractile  tissue.  In  the  first  two  of  these 
characteristics  it  partakes  of  the  properties  of  vital  tissues  in  general  ;  in 
the  third  it  shows  the  functional  response  of  muscle  tissue  to  excitation. 

First,  we  may  briefly  consider  the  process  of  excitation  in  general.  The 
irritable  cell  consists  of  an  agglomeration  of  organic  and  inorganic  substances, 
colloid  and  crystalloid,  in  aqueous  solution.  iSurrounding  the  cell  is  a  tissue 
fluid  of  similar  composition  through  differing  from  the  cell  content  in  the 
concentration  of  certain  ions,  particularly  those  of  the  inorganic  salts.  At 
the  interface  between  these  two  phases  the  cell  membrane  acts  to  maintain 
certain  differences  in  composition.  Between  the  cell  contents  on  the  one 
hand  and  the  tissue  fluid  on  the  other  there  exists  a  state  of  dynamic 
equilibrium.  The  local  phenomena  incident  to  excitation  represent  the 
displacement  of  this  equilibrium  at  the  excited  point  and,  dependent  upon 
the  characteristics  of  this  local  process,  the  equilibrium  is  thereby  disturbed 
for  a  certain  distance  around.  Apparently  each  excited  area  thus  serves  to 
stimulate  its  neighbourhood  ;  each  point  in  this  area  stimulates  a  point 
farther  on  ;  and  in  this  manner  the  excitation  passes  over  the  tissue  as  a 
wave. 

The  excited  area  may  be  shown  to  be  electronegative  to  the  remainder 
of  the  cell  surface.  It  is  this  phenomenon  which  underlies  the  "  action 
current  "  of  excited  tissue.  Bernstein'^  has  brought  evidence  to  show  that 
the  electrical  change  passes  over  the  tissue  synchronously  with  the  wave  of 
excitation.  Hermann^  has  suggested  that  the  local  action  current  may 
act  as  an  electrical  stimulus  upon  the  tissue  immediately  adjoining. 
Lillie'^  has  elaborated  an  electrochemical  theory  of  excitation  along  the 
lines  suggested  by  Bernstein^,  Briinings'  and  Hermann^.  He  regards  the 
rate  of  the  propagation  of  the  excitatory  process  as  determined  by  the 
magnitude  of  the  action  current. 
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Such  in  brief  is  the  present  conception  of  the  excitatory  ])roccss  in 
vital  tissues.  Apart  from  peculiarities  of  structure  and  arrangement  the 
tissue  of  the  heart  is  unique  in  this  respect  only  in  that  here  the  excitatory 
process  requires  no  obvious  external  stimulus  to  initiate  it.  It  appears  to 
arise  of  itself  and  normally  with  remarkable  constancy  and  regularity.  The 
fundamental  ]iroccsses  involved  in  the  development  and  propagation  of  the 
wave  of  excitation  are  conceivably  not  different  in  the  heart  from  those  in 
other  irritable  tissues. 

Experimental. 

The  \\riters  have  been  engaged  for  several  years  in  studying  the  cardiac 
rhythm  and  more  particularly  its  origin.  They  first  worked  with  the 
isolated  heart  of  the  terrapin  [Ghrysemys  jncla)  jjerfused  with  Ringer's 
solution.  This  animal  was  selected  for  two  reasons  :  the  cold-blooded  heart 
requires  no  rigid  regulation  of  temperature,  and  is  of  simjjler  structure 
than  the  mammalian  heart.  The  effects  of  altering  the  ionic  content  of 
the  perfusate  were  studied,  and  particular  attention  devoted  to  the  results 
of  changing  the  Ph*  of  the  fluid.  Galvanometric  records  were  taken  and 
the  intervals  carefully  measured.  Variations  in  hydrogen  ion  concentration 
were  made  on  either  side  of  the  normal  P,,  of  1-i.  In  no  case,  however, 
was  a  perfusate  employed  which  was  less  alkaline  than  Pjj  7"!  or  more  so 
than  Pj,  7-8. 

The  results  of  many  such  experiments  are  illustrated  in  the  accompanying 
tables  and  figures.  From  these  it  is  seen  that  a  change  from  a  more  alkaline 
to  a  less  alkaline  perfusing  fluid  is  accompanied  by  a  definite  slowing  of  the 
rate  and  that  shifting  to  a  perfusate  of  higher  Pj,  results  in  a  more  rapid 
rhythm.  Thus  in  exijeriment  No.  22,  rejjresented  in  Table  I,  while  Ringer's 
solution  Ph  74  was  flowing  through  the  preparation,  the  B-R  interval  as 
measured  on  the  electrocardiographic  record,  was  r32  seconds.  With  a 
perfusate  differing  from  this  only  slightly  in  reaction,  namely,  Ph  7-1,  the 
R-R  interval  rose  to  1-60,  while  with  P„  7-8  it  fell  to  1-24  seconds.  In  Fig.  1 
are  charted  the  R-R  intervals  measured  in  one  experiment,  and  these  illustrate 
that  an  increase  in  the  rate  followed  as  the  fluid  was  made  moi'e  alkaline 
and  a  decrease  as  it  was  made  less  so. 

Coincident  with  these  changes,  as  shown  in  Fig.  1  and  in  Table  II, 
changes  are  observed  in  the  P-R  interval,  rejiresenting  the  conduction  time 
from  auricle  to  ventricle.  This  interval  is  uniformly  lengthened  by  a 
perfusate  of  Pg  7-1  and  shortened  by  one  of  Pjj  7-8.  In  other  words,  change 
to  a  less  alkaline  perfusate  retards  the  rhythm  of  the  heart  as  a  whole  and 
decreases  the  rate  of  conduction,  while  variation  toward  a  more  alkaline 
solution  produces  a  more  rapid  rh3i;hm  and  facihtates  conduction. 
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More  recently  the  hearts  of  dogs  were  isolated  and  perfused  with  Locke's 
solution  of  the  following  composition  : — 

NaCl         !)-0n  gm. 


KCl 

CaCl, 

NaHCOg 

Glucose 

Water 


0-40  gm. 
0-20  gm. 
0-20  gm. 
1-50  gm. 
to  100000  cc. 


The  chemicals  used  were  Merck's  blue  label  or  Baker's  analysed  preparations 
and  the  water  used  was  always  freshly  distilled.     The  composition  of  the 
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Rate  and  PR  intervals  showing  Viiriatioii  with  change  in  Ph- 


solution  was  frequently  checked  by  quantitative  analysis.  The  reaction  was 
adjusted  by  means  of  decinormal  hydrochloric  acid  and  sodium  hydroxide, 
and  was  measured  against  a  carefully  calibrated  series  of  indicators.  The 
Ph  of  the  solutions  was  rigidly  controlled  and  was  periodically  checked 
during  each  exjieriment. 

The  heart  was  isolated  by  the  following  procedure  : — The  animal  was 
fully  anaesthetised  with  ether.  The  bony  thorax  was  exposed  through  a 
midline  incision  and  the  internal  mammary  vessels  tied  through  an  Qpening 
in  the  first  interspace.    Artificial  resjnration  was  begun  as  soon  as  the  j)leura 
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TABLE  I. 
Experinient  22. —  Chimges  in  R-R  interval  in  the  terrapin  heart  following 


in  Ph. 


Time. 

Ph 

R-R. 

3:06 

7-4 

1-32 

3:07 

71 

3:  11 

1-46 

3:  17 

1-52 

3:31 

1-60 

3:37 

7-8 

4:  05 

1-24 

T.\BLE  II. 
Experiment  34. —  Changes  in  rate  and  roiuiiictimi  in  the  cold-blooded  heart  Jollowin-g  changes  in  Ph- 


Time. 

Ph 

R-R. 

Rate. 

P.R. 

3:40 

7-4 

1-40 

43 

0-64 

3:42 

7-8 

3:48 

1-20 

50 

0-56 

3:58 

71 

4:08 

1-80 

33 

0-90 

4:09 

7-4 

' 

4:  15 

1-32 

45 

0-76 

was  opened  and  was  maintained  as  long  as  the  pulmonary  circulation 
remained  intact.  The  ribs  were  cut  and  the  entire  front  of  the  thorax 
removed.  Ligatures  were  laid  around  the  brachio-cephahc  artery  and  the 
superior  and  inferior  venae  cav^ie.  The  left  common  carotid  and  left  sub- 
cla\-ian  arteries  were  doubly  ligated  and  cut.  Another  Ugature  was  placed 
at  the  junction  of  the  arch  and  the  descending  aorta.  A  cannula  was  inserted 
in  the  brachio-cephalic  artery  and  perfusion  begun.  Then  the  ligatures 
about  the  venae  cavas  and  the  aorta  were  quickly  tied,  the  pulmonarj'  artery 
was  opened  and  the  preparation  removed  from  the  thorax.  In  this  manner 
perfusion  was  instituted  through  the  coronary  system  without  interruption 
of  the  major  circulation. 

Perfusion  was  carried  out  under  a  constant  pressure  of  oxygen  at 
50-80  mm.  of  mercury.  The  temperature  of  the  perfusate  was  regulated  by 
means  of  an  electrically  controlled  thermostatic   tank  with  a  maximum 
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variation  of  less  than  one  degree.  By  means  of  a  specially  designed  three- 
way  valve  it  was  possible  to  change  from  one  perfusate  to  another  quickly 
without  changing  pressure.  Inasmuch  as  the  mammahan  heart  is  extremely 
sensitive  to  oxygen  deficiency  every  precaution  was  observed  to  assure  a 
sufficient  supply  of  this  gas  during  an  experiment.  Records  taken  more  than 
an  hour  after  the  isolation  of  the  heart  were  discarded  and  during  that  period 
from  eight  to  fifteen  litres  of  oxygenated  Locke's  solution  were  passed 
through  the  preparation.  Electrical  records  were  obtained  by  leading  off 
from  auricular  base  and  ventricular  apex  with  non-polarizable  electrodes  of 
kaolin  paste  and  copper  sulphate,  the  apical  electrode  being  attached  by  a 
thread  of  worsted. 


.16  9Q[ 


10        20       30       40        50 

Pig.  2.     Rate  atid  P-R  interval  are  s1io\mi  to  vary  witli  Pn  and  in  opposite  directions. 


In  a  series  of  over  forty  experiments  eighteen  were  concerned  with  the 
effect  of  change  in  Pg  of  the  perfusate.  As  with  the  cold-blooded  heart 
alterations  were  made  on  either  side  of  the  normal  Pjj  7-4,  but  in  no  case  was 
the  heart  subjected  to  a  Ph  of  more  than  7-8  or  less  than  70.*  The  resultant 
changes  in  rate,  which  were  consistent  in  our  experiments  are  illustrated  by  the 
accompanying  figures  and  tables. 


*  In  this  connection  it  may  be  stated  t)iat  when  extremely  alkaline  perfusates  containing 
phosphates  or  carbonates  are  used,  as  they  have  been  by  some  previous  workers,  little  calcium 
can  remain  in  soliitiou. 
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Table  III  summarises  an  experiment  in  wliich  the  reaction  of  the 
perfusing  fluid  was  changed  from  P„  7-2  to  P,,  7".  With  sucli  variations 
the  rate  of  the  sinus  rhythm  changes  correspondingly.  P^  7-7  produces  a 
more  rapid  and  P,,  7-2  a  less  rapid  rhythm  than  does  the  normal  P,,  7-4. 
In  Table  IV  the  alterations  of  rate  are  more  striking,  since  they  correspond 
to  greater  changes  in  reaction,  namely,  Ph  7-1  to  Ph  7-8.  Fig.  2  illustrates 
the  results  in  other  experiments. 


TfATE 


m 


B2  IQQ 


DOC  'S8 


Variations  in  rate  and  PR  interval  corresponding  to  changes  in  Pn  of  the  perfusate 
Broken  line  A-B  represents  period  of  complete  A-V  dissociation. 


These  effects  are  not  confined  to  the  sinus  rhythm  :  they  are  obtainable 
in  the  presence  of  a  nodal  rhythm.  For  such  observations  the  heart  was 
isolated  as  described,  and,  after  removing  the  pericardium,  all  sinus  and 
auricular  tissue  was  cut  away.  Following  this  operation  the  ventricles 
remained  quiescent  for  a  short  interval  and  then  began  to  beat  with  a  rhythm 
apparently  arising  in  the  aurieulo-ventricular  node.  It  was  not  possible  to 
retard  this  rhythm  to  C[uite  the  degree  shown  in  the  case  of  the  sinus  rhythm, 
but  acceleration  under  a  perfusion  fluid  with  a  Pu  7-8  was  here  more 
pronounced.  This  result  corresjionds  to  the  observation  of  Dale  and  Thacker 
ui^on  the  frog's  heart.  Finally  ail  electrical  and  mechanical  evidence  of 
excitation  disappeared  on  perfusing  for  a  j^rotracted  interval  with  P,,  7-0,  the 
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TABLE  m. 
Changes  in  rate  and  conduction  in  the  dog's  heart  following  changes  in  Pg  7-2  to  7-7. 


Time. 

Ph 

RR. 

Rate. 

PR. 

3:20 

7-4 

3:24 

0-88 

68 

012 

3:25 

7-7 

3:  26 

0-80 

75 

010 

3:27 

0-80 

75 

010 

3:30 

0-72 

83 

010 

3:  32 

7-2 

3:33 

0-72 

83 

014 

3:38 

0-88 

68 

014 

3:39 

7-7 

3:41 

0-76 

79 

010 

3:44 

0-74 

81 

Oil 

3:45 

7-2 

3:46 

0-78 

77 

012 

3:49 

0-82 

73 

014 

3:53 

0-90 

67 

014 

3:54 

7-4 

3:59 

0-84 

71 

012 

rhythm   being  restored  i^romptly  by  a  normal  perfusate.     This  effect   was 
obtained  upon  both  sinus  and  nodal  rhythm. 

It  has  been  pointed  out  in  the  account  of  the  observations  upon  the 
terrapin  heart  that  as  the  Pj,  of  the  perfusate  is  changed,  alteration  in  rate 
is  accompanied  by  changes  in  conduction.  Precisely  the  same  effect  was 
observed  in  the  isolated,  perfused  mammalian  heart,  and  this  was  also 
consistent  in  our  experiments.  In  these  experiments  it  was  possible 
repeatedly  to  induce  various  degrees  of  auriculo-ventricular  block,  pro- 
gressing in  some  cases  to  complete  auriculo-ventricular  dissociation,  by 
perfusing  with  a  solution  of  P[j  7-0  to  7-1,  and  as  often  to  reduce  such  a 
prolonged  auriculo-ventricular  interval  practically  to  normal  by  a  change 
to  a  normal  or  more  alkaUne  perfusate.  An  example  is  shown  in  Fig.  3 
where  the  curve  representing  the  P-R  interval  follows  inversely  the  Ph 
curve  below  it.  In  the  region  indicated  by  the  broken  Une,  after  the  A-V. 
interval  had  risen  to  0-34  sec.  complete  dissociation  developed.     Following 
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TABLE  IV, 

Experiment  65. —  Changes  in  rale  and  conduction  in  the  dog's  heart  following  changes  in  Pa  7-0  to  7-8. 


Time. 

Th 

R-R. 

Rate. 

P-R. 

3:  30 

7-4 

3:48 

0-80 

75 

012 

3:50 

7-0 

3:52 

0-90 

67 

012 

3:54 

1-00 

60 

014 

3:53 

110 

55 

0-14 

3:57 

7-4 

3  :  58 

0-98 

62 

0-12 

4:02 

0-88 

68 

01 2 

4:05 

'7-0 

4:06 

0-90 

67 

012 

4:  08 

102 

59 

013 

4:  10 

1-20 

50 

014 

4:  13 

7-8 

4:  14 

100 

60 

010 

4:  16 

0-94 

64 

0-10 

4:  18 

0-86 

70 

Oil 

4  :20 

7-4 

4:21 

0-90 

67 

012 

4:25 

0-88 

68 

012 

the    return    to    P,i    7-4,    conduction    improved    and    the    block    gradually 
disappeared,  the  P-R  interval  falling  from  0-42  to  0-18  sec. 


Discussion. 

The  accompanying  data  conform  to  the  view  that  the  hydrogen  ion 
concentration  of  the  fluid  bathing  the  cardiac  tissue  exercises  a  controlUng 
influence  upon  the  development  and  propagation  of  excitation  therein.  The 
more  the  phenomena  are  studied  the  more  evident  does  it  become  that  the 
development  of  the  excitatory  process  and  its  propagation  are  inseparably 
linked,  that  no  fibre  can  conduct  the  excitatory  process  unless  it  is  itself 
excited. 
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The  cardiac  tissue  represents  a  particular  type  of  irritable  cell, 
comprising  an  aqueous  solution  of  colloids  and  crystalloids  separated  by  the 
cell  membrane  from  the  tissue  fluid  of  similar  but  not  identical  composition. 
The  displacement  of  equilibrium  between  these  two  phases  constitutes  the 
excitatory  process,  and  according  to  our  view,  in  this  deplacement  the 
hydrogen  ion  concentration  of  the  tissue  fluid  is  apparently  an  important 
factor.  It  is  as  though,  under  a  normal  Pjj  the  excitability  of  the  tissue 
rises  to  a  critical  level  within  a  certain  time,  and,  excitation  taking  place, 
the  resultant  disturbance  is  sufficiently  great  to  set  the  adjacent  tissue  into 
excitation  for  a  definite  distance.      With  a  fall  in  P^  two  things  occur  : 


MINUTES 


Fig.  4.     Nodal  rliytlim  showing  Vi^riations  in  rate  with  altoratiuns  in  reaction   of  tlio  perfusing 

fluid. 


the  local  excitatory  process  develops  more  slowly,  and,  the  disturbance 
being  less,  its  range  as  an  adequate  stimulus  to  neighbouring  tissue  is 
lessened.  A  slower  rhythm  on  the  one  hand,  and  a  delay  in  conduction  on 
the  other,  result.  Conversely  a  rise  in  Pg  causes  the  excitatory  process  to 
develop  more  rapidly  and  renders  it  adequate  to  stimulate  over  a  wider 
fibre.  The  rhythm  is  thus  accelerated  and  conductivity  increased.  The 
exact  mechanism  whereby  the  Pfj  controls  rhythm  and  conduction  is  not 
entirely  clear,  but  the  data  herein  jj resented  are  not  inconsistent  with  the 
"  membrane  theory  "  elaborated  by  Briinings  and  LilUe. 
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Conclusions. 

An  account  is  given  of  a  scries  of  experiments  carried  out  upon  the 
perfused  hearts  of  terrapin  and  dogs.  It  is  demonstrated  that  in  tliese 
preparations  it  is  possible  to  control  accurately,  to  accelerate  and  to  retard, 
to  abolish  and  to  restore  the  development  of  the  excitatory  process  and  its 
l)ro})agation  by  changing  the  Ph  of  the  perfusion  fluid. 

Upon  the  basis  of  these  results  it  is  suggested  that  the  rhythm  and  rate 
of  conduction  in  the  cardiac  tissue  is  normally  determined  solely,  or  in 
large  part  by  the  Pg  of  the  surrounding  fluid.  It  is  considered  that  the 
excitatory  process  in  the  heart,  as  in  other  irritable  tissues,  represents  a 
disturbance  of  ionic  equilibrium  between  cell  contents  and  tissue  fluid,  and 
that  conduction  is  due  to  the  direct  stimulation  of  adjacent  tissue  by  the 
disturbance  so  developed  at  the  point  originally  excited. 
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THE    FORCE    EXERTED    BY    THE    MINUTE    VESSELS    OF    THE 
SKIN  IN  CONTRACTING. 

By  THOIVIAS   LEWIS.* 
{Cardiac  Department,   University  College  Hospital  Medical  School.) 


DuRiXG  the  winter  of  1915-16  and  in  the  following  spring  months,  with  the 
collaboration  of  Drs. T.F.Cotton  and  J.  G.  Slade,  I  made  a  series  of  observa- 
tions upon  the  reactions  of  the  human  skin  to  various  stimuli^.  These 
observations  led  us  to  the  very  definite  conclusion  that  the  capillaries  of  the 
human  skin  are  capable  of  active  contraction.  This  conclusion  was  at 
variance  with  the  then  current  views  of  physiologists,  which  were  well 
known  to  us,  but  passive  closure  of  the  capillaries  would  not  explain  our 
observations,  and  we  were  able  to  find  and  quote  a  number  of  earlier 
observations  leading  to  the  same  conclusion  ;  observations  which,  though 
seemingly  having  failed  to  convince,  appeared  to  us  to  have  placed  the 
burden  of  proof  on  those  who  held  movements  of  the  cajMlIary  wall  to  be 
purely  passive.  The  pubUcation  of  our  paper  was  delayed  by  war  conchtions 
until  January,  1917  ;  and,  on  account  of  the  same  circumstances,  experiments 
which  had  actually  been  begun  on  the  frog's  web  and  rabbit's  ear,  ^^ith  a 
view  to  extending  if  possible  our  evidence  of  active  movements  of  the 
capillary  wall,  had  to  be  abandoned.  They  have  been  carried  out  in  the 
interval  ■with  notable  success  by  other  workers.  In  October,  1917,  Ebbecke* 
pubhshed  an  important  and  independent  monograph  upon  the  same  questions. 
This  was  followed  by  Dale  and  Richards'  article^  in  1918  and  in  the  same  and 
following  j'ears  by  a  series  of  papers  by  Krogh,  liis  co-workers  and  others. 
The  conclusion  that  capillaries  are  capable  of  active  contractionj"  has  been 
amply  justified  by  this  sub-sequent  work  and  many  new  and  important 
facts  have  been  brought  to  hght.     These  observations  have  lately  been 

*  Working  on  behalf  of  the  Medical  Research  Council. 

f  The  conclusion  as  we  stated  it^  for  human  skin  assumed  that  the  capillaries  are  responsible 
for  skin  colour.  It  is  now  recognised  that  the  minute  vessels  of  the  skin  classed  bj'  anatomists 
as  the  first  plexus  of  venules  are  chiefly  responsible  for  this  colour  ;  these  venules  have  the  form 
of  giant  capillaries,  for  like  capillaries  they  possess  no  muscular  coat.  Strictly  speaking,  therefore, 
our  evidence  did  not  show  that  the  actual  capillaries  contract  activelj',  but  that  active  changes 
in  size  occur  in  capillaries  and  the  somewhat  larger  vessels  into  which  they  pour  their  contents, 
treating  both  types  of  vessels  as  belonging  to  one  and  the  same  "  capillary  "  class.  The  difference 
may  appear  a  small  one,  but  it  is  to  be  mentioned  in  a  statement  wliich  protends  to 
histological  accuracy. 
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reviewed  in  a  thorough  fashion  by  Krogh'  and  by  Dale^.  Recently  the 
work  of  ray  laboratory  has  been  directed  largely  towards  attempts  to  extend 
that  branch  of  our  recent  knowledge  which  concerns  the  activities  of  minute 
blood  vessels  in  the  human  skin,  and  the  present  article  and  those  which 
follow  it  are  products  of  these  investigations. 


Force  exerted  in  contraction. 

In  preliminary  observations  communicated  to  the  Physiological  Society", 
it  was  shown  that  those  minute  vessels  of  the  human  skin  which  are 
responsible  for  skin  colour  (namely,  the  capillaries  and  especially  the  minute 
venules  of  the  subpapillary  plexus)  are  usually  capable  of  resisting  pressures 
of  50  mm.  Hg.  or  more  when  they  are  contracted  in  response  to  the  stimulus 
of  stroking.  Generallj^  speaking,  the  pressures  resisted  cannot  be  displayed 
to  surpa.ss  50  or  60  mm.  Hg. ;  resistance  of  pressure  up  to  90  or  100  mm.  Hg. 
is  exceptional  (see  Fig.  1). 

The  jDressures  which  can  be  resisted  by  these  small  vessels  is  more 
certainly  displayed,  and  higher  readings  are  obtained,  when  adrenalin  forms 
the  stimulus  to  contraction.  It  has  been  shown  in  a  previous  communication 
that  adrenahn  constricts  the  minute  vessels  responsible  for  skin  colour  up 
to  at  least  1  in  30,000  dilution,  and  that  this  reaction  is  independent  of  any 
action  on  the  arterioles.  Carrier^  has  watched  the  vessels  microscopically  and 
has  shown  that  this  action  is  upon  both  the  capillaries  and  the  small  venules  ; 
a  conclusion  wliich  I  am  able  to  confirm.  For  the  present  observations  I 
have  employed  a  1  in  1,000  solution  exclusively  and  have  obtained  blanching 
of  the  skin  by  jilacing  a  group  of  small  drops  of  the  solution  on  the  skin  of 
the  forearm,  and  pricking  the  sldn  through  each  of  these  with  a  fine  needle  ; 
a  circular  area  of  blanching  having  a  diameter  of  about  2-4  millimetres 
develops  around  each  prick  in  J  to  1  minute  and  is  maintained  for  a  long 
wliile.  That  the  vasoconstiiction  so  produced  is  a  more  powerful  one  than 
that  resulting  from  stroking  is  readily  shown.  If  the  vessels  of  the  limb 
be  first  occluded  with  a  Riva-Rocci  armlet  and  the  sldn  is  suitably  stroked 
several  minutes  later,  the  white  line  of  vascular  contraction  still  appears  ; 
but  the  bright  hyperaemia  which  follows  release  of  the  circulation  invariably 
abohshes  this  white  line  in  my  experience.  On  the  contrary,  a  similarly 
produced  hyperaemia  fails  to  wash  out  areas  of  adrenalin  pallor.  When  the 
hyperaemia  develops,  these  stand  out  frequently  as  vivid  white  areas  on  a 
scarlet  background  ;  in  some  instances,  it  is  true,  they  become  a  little  pinker 
in  tint  though  remaining  perfectly  distinct  (see  footnote  p.  113). 

If  areas  of  adrenalin  pallor  are  created,  and  the  venous  jjressure  is  then 
raised  by  placing  a  pneumatic  jiressm-e  of  50  mm.  Hg.  or  more  on  the  upper 
arm,  a  fuller  idea  is  obtained  of  the  resisting  power  of  the  vessels  concerned. 

Before  proceeding  to  describe  such  experiments,  the  accuracy  of  this 
method  must  be  justified.    If  a  pressure  of  about  60  mm.  Hg.  is  thrown  into 
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an  armlet  such  as  that  here  used  and  the  forearm  is  enclosed  in  a  plethysmo- 
graph,  the  curve  of  venous  filling  is  usually  completed  in  about  30  seconds 
or  less  in  normal  subjects.  The  curve  rises  at  first  relatively  abruptly  but 
rises  less  steeply  in  the  later  phases  of  filling.  Does  the  venous  pressure 
rise  to  the  full  height  of  the  pressure  in  the  armlet  ?  To  answer  this  question 
a  cannula  was  placed  in  the  proximal  end  of  a  vein  of  the  forearm  and 
connected  by  means  of  tubing,  filled  with  0-5  per  cent,  citrate  of  soda  in 
normal  saline,  to  a  mercurial  manometer,  the  zero  of  the  mercury  column 
being  brought  level  with  the  vein.  The  12  cm.  pressiire  cuff  used  in  the 
remaining  observations  of  this  paper  was  wTapped  lightly  around  the  upper 
arm,  the  lower  edge  of  the  cuff  being  brought  level  with  the  vein  used.  The 
venous  pressure  now  registered  10  mm.  Hg.  ;  of  this  8-5  mm.  represented  the 
natural  venous  pressure  in  the  arm  vein*  and  1-5  mm.  was  due  to  the  shglit 
pressure  exerted  by  the  unexpanded  armlet.  The  pressure  in  the  cuff  was 
now  raised  to  various  levels,  each  time  from  zero,  and  the  height  to  which 
the  venous  pressure  rose,  and  the  time  taken  for  each  rise  to  complete  itself, 
were  noted  and  are  to  be  seen  in  the  accompanjing  table. 


Cuff  pressure 
luiu.  Hg. 

Pressure  reached 
in  vein  in  nun.  Hg. 

Rise  occurs  within 
{in  seconds). 

0 
22 
32 
40 

40 

10 
21 
32 

30 

4s 

0 
1.5 
IS 

:jot 
\\ 

Thus  it  was  demonstrated  that  a  cuff  pressure  of  20  mm.  of  Hg.,  or  over, 
quickly  congests  the  veins  below  it  to  a  corresponding  point  and  that  the 
cuff  pressures  maj'  be  used  as  an  accurate  gauge  of  the  pressure  developed 
in  the  veins.  The  venous  pressure  in  the  arm  was  raised  as  liigh  as  58  mm. 
of  Hg.  within  a  half  minute  or  a  little  longer  by  this  method. J  Actually 
it  w'as  raised  to  a  point  a  few  milhmetres  short  of  the  cuff  pressure  in  a  much 
shorter  time  period,  the  rise  being  at  first  rapid  and  the  last  few  milhmetres 
of  rise  occurring  slowly,  so  that  the  very  end  point  could  not  be  determined 
accurately.  These  readings  were  taken  from  a  patient  suffering  from 
cardiac  failure  with  early  congestion  of  the  venous  system  ;  the  inflow  of 
blood  to  the  arm,  subsequent  to  a  free  venesection,  was  measured  for  me 


*  The  observations  were  made  on  a  patient  prepared  for  venesection,  and  the  arm  e."{plored 
lay  4  cm.  below  the  le%el  of  the  stemiun,  the  patient  lying  horizontal. 

■f  Probably  a  good  deal  over-estimated. 

J  In  a  second  patient,  suffering  from  auricular  fibrillation  and  early  congestion,  the  venous 
pressure  was  9  mm.  Hg..  When  cuff  pressures  of  40,  54  and  72  mm.  Hg.  were  tlirown  on  the 
upper  arm  those  pre.'vsures  were  all  reached  in  a  distal  vein  within  40  seconds.  The  blood  pressures 
were  150  systolic  and  95  diastolic. 
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by  Dr.  Drury  (by  Hewlett  and  Zwaluwenburg's  method)  at  0-71  cc.  per 
100  cc.  of  arm  tissue  per  second.  This  figure  represents  slower  filling  than 
is  usual  in  the  normal  arm. 

The  next  table  illustrates  the  effects  of  venous  pressures,  produced 
artificially  by  the  method  described  upon  areas  previously  blanched  by 
adrenalin  in  a  number  of  young  normal  adults.  To  be  on  the  safe  side  the 
armlet  pressures  were  maintained  for  periods  considerably  exceeding  those 
which  are  actually  required.  Each  of  the  numbered  observations  is  a 
continuous  observation  upon  a  single  subject.     Thus,  in  the  first  observation 


Effect  of  venmvi  compression  on  ndremiUii  pallor. 


Subject. 

Pressure  on  veins 

Adrenalin  pallor 

Brachial  blood 
pressure. 

in  min.  Hg.. 

maintained  for 

syst. 

diast. 

1 

60 
80 
100 

2  mins. 

1  min.  further 

2  mins.       „ 

unaltered 
unaltered 
still  distinct 

127 

88 

2 

no 

.')  mins. 

still  present 

110 

75 

3 

80 
100 

2  mins. 

2  mins.  further 

imaltered 

a  little  less  distinct 

138 

95 

4 

fiO 

SO 
98 

2  mins. 

2  mins.  further 

2.1  mins.       „ 

unaltered, 
less  distinct 
still  distinct 

108 

75 

5 

60 
80 
100 

2  mins. 

1  min.  fiirther 

unaltered 
imaltered 
less  distinct 

115 

80 

6 

60 

80 
90 

2  mins. 

2  mins.  further 

2  mins. 

slightly  less  distinct 
less  distinct 
still  present 

105 

85 

the  pressure  on  the  arm  was  raised  to  60  mm.  Hg.  for  2  minutes  and  the  areas 
blanched  by  adrenahn  were  seen  to  remain  unaltered  ;  the  armlet  pressure 
was  now  raised  to  80  mm.  for  a  further  minute  and  later  to  100  mm.  Hg.  for 
a  further  2  minutes.  At  the  end  of  the  5th  minute  of  venous  engorgement 
the  blanched  areas  were  still  distinct,  though  they  were  less  so  than  at  lower 
venous  pressures.  Raising  the  venous  pressure  in  steps  is  adopted  to  ensure 
full  engorgement  of  the  veins  to  the  pressure  prevailing  in  the  armlet  ;  it  is 
especially  necessary  when  armlet  pressures  approaching  the  brachial  systolic 
blood  pressure  are  to  be  used,  since,  when  the  armlet  pressure  is  raised  to  a 
high  point,  the  input  of  blood  to  the  limb  diminishes  very  greatly.  The 
venous  pressure  can  be  raised  much  more  quickly  by  using  pressures  which 
rise  in  steps,  than  by  placing  the  final  pressure  on  the  armlet  at  once. 
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In  the  circumstances  of  the  experiments  tabulated  the  venous  pressure 
is  raised  to  90  or  100  mm.  Hg.,*  the  mean  arterial  pressure  lies  between  these 
figures  and  the  systolic  pressure  of  the  brachial  artery.  The  minute  vessels 
of  the  skin  are  placed  between  the  arteries  and  veins.  It  is  very  probable, 
since  adrenahn  closes  down  the  fuier  arterioles  of  the  skin,  that  blood  is 
by  tliis  means  prevented  from  entering  the  capillaries  on  this  the  arterial 
side.  On  the  venous  side,  owing  to  the  extremely  rich  anastomoses  of  the 
subpapillary  plexus,  contraction  of  veins  nearer  to  the  heart  by  the 
adrenalin  would  not  guard  these  plexus  vessels  from  feehng  the  full  venous 
pressure.  Unless  the  venules  of  this  plexus  were  actually  closed,  blood 
would  enter  then  freely  from  venules  of  the  same  order,  at  the  margins  of 
the  blanched  area.')'  A  patent  subpapillary  plexus,  from  this  point  of  view, 
is  to  be  regarded  as  a  shallow  pool  of  blood,  the  contents  of  which  are 
readily  displaced  from  side  to  side.  That  these  venules  are  involved  by  the 
adrenahn  is  readily  to  be  seen  microscojiically  ;  it  is  also  to  be  stated  that 
in  the  forearm  their  contraction  is  undoubtedly  in  chief  part  responsible  for 
adrenahn  blanching.  Thus  it  is  clear  that  when  contracted  these  minute 
venules  are  capable  of  resisting  distending  pressures  of  at  least  90-100  mm. 
Hg. ;  they  are  capable  of  resisting  pressures  approaching  closely  to  or 
actually  reaching  normal  systoUc  pressures  in  the  brachial  artery.  The 
important  function  which  increased  tone  of  the  vessels  in  question  is  capable 
of  exerting  on  circulatory  events  begins  to  be  more  apparent  in  the  hght 
of  these  figures.  The  function,  contraction,  seems  to  be  developed  to  such 
a  point  that  if  the  whole  bed  of  minute  vessels  (capillaries  and  venules), 
corresponding  to  a  large  arterial  territory,  were  to  contract  fully  the 
circulation  in  this  territory  would  be  brought  almost,  if  not  completely,  to  a 
standstill.  Having  regard  to  the  situation  of  the  minute  vessels  in  the 
cardiovascular  tree,  this  manner  of  regarding  them  places  their  potential 
influence  upon  circulatory  events  on  much  the  same  plane  as  that  usually 
ascribed  to  arterioles. 

The  minute  and  superficial  venides  have  the  same  histological  structure 
as  have  the  capillaries  proper  ;  that  is  to  say,  thej'  consist  of  an  endothehal 
wall  on  which  no  muscular  covering  is  apparent ;  in  fact  their  distinction 
from  capillaries  proper  is  scarcely  to  be  justified  from  a  purely  phj'siological 
standpoint.  According  to  Spaltcholz",  the  muscular  layer  is  not  added 
until  the  veins  in  the  deepest  layers  of  the  skin  are  reached. 

The  only  cells  upon  capillary  walls  which  are  knowTi  to  have  contractile 
powers  are  the  cells  originally  described  by  Rouget^"  and  lately  in  more 
detail  by  Vimtrup^^.  These  are  seen  as  isolated  cells  scattered  on  the  walls 
of  the  capillaries  in  translucent  tissues  of  amphibians,  and  each  consists  of  a 
mass  of  nucleated  protoplasm  from  which  branched  processes,  encircUng  the 

•  Such  venous  pressures  usually  cause  a  few  petchial  hcemorrliages  in  the  skin  of  the  forearm. 

t  When  a  hypersemia  produced  by  releasing  the  circulation  fails  to  flush  a  small  area 
blanched  by  adrenalin  (p.  110),  this  is  not  attributable  to  closed  arterioles.  The  argument 
here  used  is  valid  for  the  first  case  also. 
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capillary,  j^roceed.  It  is  to  be  presumed  that  comparable  cells  are  present 
upon  the  walls  of  the  capillaries  and  venules  of  the  human  skin,  though 
actually  these  have  not  been  described.  If  the  arrangement  is  similar  to 
that  on  the  amphibian  capillary,  it  will  be  necessary  to  assume  that  most 
if  not  all  of  these  cells  are  individually  capable  of  resisting  distending  pressures 
of  the  order  now  described.  That  a  single  cell  may  be  capable  of  exerting 
such  a  force  is  rendered  more  intelHgible,  when  the  minute  diameter  of  the 
tubes  which  they  encircle  is  borne  in  mind.  The  contractile  elements  Avill 
work  to  greater  and  greater  advantage  as  the  vessel  is  smaller. 

In  estimating  the  force  which  the  minute  vessels  are  capable  of  exerting, 
the  circumstances  in  which  this  force  is  brought  into  play  must  be  considered. 
When  adrenaUn  is  punctured  into  the  skin,  the  walls  of  the  minute  vessels 
contract  upon  their  contents  and  expel  them.  The  pressure  required  to 
effect  this  expulsion  is  in  ordinary  circumstances  small,  since  capillary 
pressure  in  vessels  lying  at  the  level  of  the  heart  is  not  great.  A  jjriori,  the 
maximal  pressure  which  contracted  and  closed  vessels  are  able  to  resist  is  not 
necessarily,  or  even  probably,  a  measure  of  the  maximal  pressure  which  the 
same  vessels  when  open  are  capable  of  exerting  on  their  contents.  That 
this  is  actually  so  is  easily  shown  in  the  case  of  the  adrenalin  reaction.  If  the 
arm  is  first  engorged  and  adrenalin  is  subsequently  pricked  into  the  skin, 
blanching  is  rarely  seen  if  the  pressure  of  venous  engorgement  exceeds 
60  mm.  Hg. ;  usually  the  blanching  of  the  skin  is  only  just  perceptible  when 
venous  pressures  of  40  or  50  mm.  Hg.  have  been  previously  reached.  In  the 
circumstances  of  the  observation  the  vessels  concerned  are  much  dilated 
before  they  are  called  upon  to  contract ;  the  contractile  elements  in  their 
walls  are  thus  placed  at  a  mechanical  disadvantage.  Judging  from  the 
values  given,  it  would  seem  evident  that  the  minute  vessels  of  the  skin 
should  be  capable  of  emptying  themselves  in  most,  but  not  perhaps  in  all, 
physiological  circumstances.  The  correctness  of  this  supposition  is  illustrated 
by  the  following  example.  If  in  a  man  standing  at  ease  adrenalin  is  punctured 
into  the  skin  on  the  dorsum  of  the  foot,  blanching  does  not  appear  ;  if,  after 
an  interval  of  a  few  minutes,  the  subject  lies  down,  the  areas  punctured 
quickly  show  the  usual  blanching.  From  this  it  is  apparent  that  the 
contraction  induced  by  adrenalin  is  insufficiently  powerful  to  expel  the 
contents  of  the  minute  vessels  distended  by  the  pressure  of  the  column  of 
the  blood  extending  from  heart  to  foot.  The  value  of  this  pressure, 
calculated  hydrostatically  is  about  90  mm.Hg.  in  a  man  of  medium  height, 
but  ReckUnghausen*  and  Hooker^  have  shown  that  the  actual  venous 
pressure  in  the  foot  doe:s  not  reach  the  full  calculated  value.  If,  after  the 
areas  of  pallor  have  appeared  on  the  foot  in  the  lying  posture,  the  man  stands 
up,  the  blanched  areas  remain  visible,  though  they  usually  become  a  good 
deal  less  distinct  by  the  time  venous  pressure  has  risen  completely.  If 
the  subject  now  takes  a  few  steps  the  venous  fiHing  of  the  foot  decreases 
rapidly  and  the  areas  of  blanching  at  once  become  much  more  vivid.  It  is 
evident  therefore  that  the  minute  vessels  in  the  skin  of  the  foot  are  capable  of 
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restraining  over-distension  as  the  upright  posture  is  assumed,  and,  the  body 
being  erect,  are  capable  of  expelling  their  contents  when  they  are  aided  by 
movements  of  the  foot. 


Conclusions. 

The  minute  vessels  of  the  human  skin,  which  are  responsible  for  skin 
colour,  are  capable  of  exerting  a  force  when  fullj-  contracted  which  resists 
the  full  entry  of  blood  into  them  up  to  pressures  of  at  least  90  or  100  mm.  Hg.. 
When  dilated,  these  same  vessels  are  able,  by  contracting,  to  expel  their 
contents  against  internal  pressures  of  at  least  50  or  60  mm.  Hg..  Considering 
their  position  relative  to  the  arterial  system,  and  the  lower  pressure  normally 
developed  within  them,  the  potential  power  of  these  minute  vessels  to 
influence  circulatory  events  by  contracting,  cannot  be  regarded  as  far 
removed  from  that  usuallv  ascribed  to  the  arterioles. 
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Fig.  I.  Four  light  strokes  Ijave  been  made  across  the  forearm  of  a  young  subject  with  the  end 
of  a  flat  ruler  and  these  have  produced  blanching  of  the  superficial  and  minute  vessels  of 
the  skin.  An  armlet  on  tlie  upper  arm  has  been  ]5iunped  to  a  pressure  of  70  mm.  Hg.,  and 
maintained  until  the  photograph  was  taken  at  tlie  end  of  2  minutes.  Xote  the  distension  of 
the  veins  and  tlie  persistence  of  the  areas  of  skin  pallor. 


VASCULAR   REACTIONS    OF   THE   SKIN   TO   INJURY. 
Part  I. — reaction  to  stroking  ;    urticaria  factitia. 

By  THOMAS   LEWIS.* 

{Cardiac  Department,    University   College   Hospital  Medical  School.) 


If  the  human  skin  is  stroked  firmly  with  a  blunt  point,  a  local  reaction 
of  the  vessels  foUows  which  is  visible  to  the  naked  eye.  Most  of  the  relevant 
and  visible  features  of  this  reaction  are  now  known.  A  red  line  appears, 
marking  out  \vith  considerable  precision  the  area  of  skin  pressed  upon  ;  it 
begins  to  appear  in  from  3  to  18  seconds  and  is  at  its  height  in  30  to  50 
seconds'^*".  It  is  at  first  a  red  line,  shortly  acquiring  a  bluish  tinge.  The 
red  line  is  due  to  dilatation  of  the  capillaries  and  minute  venules  of  the  skin, 
and  tills  dilatation  is  brought  about  by  (a)  primary  dilatation  of  the  vessels 
themselves,  and  (6)  in  part  by  coincident  dilatation  of  the  corresjjonding 
terminal  arterioles.  That  both  capillaries  and  venules  are  involved  in  the 
dilatation  has  been  shown  by  direct  microscopic  examination  by  Carrier^, 
observations  readity  confirmed.  That  it  is  a  primary  dilatation  of  these 
minute  vessels  is  shown  by  the  occurrence  of  the  red  Hne  on  the  arm  when 
the  circulation  of  the  hmb  has  been  brought  to  a  complete  standstill-.  That 
the  arterioles  are  also  dilated  was  first  pointed  out  by  Carrier,  who  states 
that  the  hne  shows  red  on  the  blue  background  of  surrounding  skin  if  the 
stroke  is  put  down  on  an  arm  cyanosed  by  cold  ;  the  same  holds  good  in  an 
arm  made  blue  by  venous  congestion,  a  method  I  have  repeatedly  used  In 
a  number  of  subjects  in  whom  the  skin  is  hypersensitive,  or  in  less  sensitive 
skins  where  the  stroke  is  very  heavy,  the  red  line  is  shortly  followed  (20-60 
seconds  after  stimulation)  by  (c)  bordering  areas  of  erythema  ;  this  flush  sur- 
rounds the  red  line,  is  of  brighter  red  colour  and  has  an  irregular  margin. 
It  spreads  for  a  variable  distance  outside  the  region  of  actual  pressure.  It 
is  produced  by  an  increased  flow  of  blood  to  the  skin  consequent  on  dilatation 
of  the  skin  arterioles'-* "and  is  reflex  in  origin^.  The  flush  does  not  occur 
over  the  arm  when  the  circulation  is  occluded^ ;  it  is  said  not  to  occur  over 
anaesthetic  areas  in  certain  peripheral  sensory  nerve  lesions'  or  in  certain 
injuries  of  the  spinal  cord^.  Were  it  not  doubtfully  correct  to  regard  the 
arteriolar  dilatation  (6)  of  the  central  red  hne  and  that  of  the  surrounding 

*  Working  on  behalf  of  the  Medical  Research  Council. 
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flush  (c)  as  similar  in  origin,  the  reaction  in  a  sensitive  skin  might  be  described 
by  saying  that  a  heavy  stroke  yields  a  continuous  and  wide  reddening  of  the 
skin  by  reflex  arteriolar  dilatation,  reaching  often  a  considerable  though 
variable  distance  beyond  the  limits  of  the  stroke,  while  the  capillaries  and 
venules  directly  under  the  line  of  stroke  also  expand  in  more  direct  response  to 
the  stimulus.  Even  when  in  less  sensitive  skins  no  visible  flush  appears  around 
the  line  of  stroke,  nevertheless  some  degree  of  arteriolar  dilatation  is  usually 
to  be  displayed  in  the  surrounding  skin  if  the  arm  is  first  congested  before 
it  is  stroked.  Thus,  the  reactions  so  far  described  ajjpear  to  be  constant 
in  quality,  though  variable  in  quantity  ;  there  are  variations  in  the  colour 
intensity  of  the  central  red  line,  there  are  conspicuous  variations  in  the 
degree  of  the  flush  and  in  the  area  which  it  covers. 

Finally,  the  region  of  the  red  hne  may  develop  swelling,  in  the  form  of  a 
more  or  less  pronounced  urticarial  wheal,  a  local  oedema.  The  wheal  is 
usually  described  as  rare,  and  for  this  reason  it  has  generally  been  regarded 
as  pathological.  It  is  by  no  means  rare.  As  stated  in  a  j^revious  com- 
munication^, the  reactions  in  84  men,  mostly  young  and  in  hospital  for  the 
condition  often  described  as  "irritable"  heart,  were  tested,  and  a  palpable 
swelling  of  the  skin  as  a  reaction  to  a  single  firm  stroke  was  seen  in  25  per 
cent,  of  the  cases  ;  in  5  per  cent,  a  full  wheal  was  developed.  We  described 
the  sldn  reaction  in  this  type  of  patient  as  being  conspicuous,  though  we 
knew  that  young  people  otherwise  quite  healthy  not  infrequently  show 
similar  reactions.  Further  experience  tells  us  that  the  above  figures  may 
be  treated  as  approximately  true  for  young  and  normal  subjects  generally. 
A  more  severe  injury  than  firm  stroking,  a  scratch  with  a  claw  or  thorn,  or  a 
blow  with  the  lash  of  a  whij),  will  raise  the  same  type  of  wheal  in  the  majority 
if  not  in  all  young  subjects.  I  have  found  no  difficulty  in  raising  typical 
wheals,  though  a  few  of  these  have  not  been  of  full  size,  on  the  skins  of  6 
normal  young  men,  repeating  the  simple  firm  stroke  with  a  blunt  point ; 
eight  or  ten  such  strokes  one  over  the  other  suffice.  My  colleague,  Dr.  Grant, 
has  repeated  this  observation  a  larger  number  of  times  with  very  similar 
results.  In  this  connection  it  is  to  be  mentioned  that  a  single  pin  prick  will 
usually  raise  a  small  wheal  in  susceptible  subjects,  it  also  does  so  less  markedly 
in  many  quite  normal  skins  ;  Ebbecke'  has  shown  that  repeated  pricks  over 
a  small  area  calls  forth  a  very  distinct  and  characteristic  wheal ;  this  is 
easy  to  confirm.  In  the  light  of  such  evidence,  it  seems  clear  that  the  only 
abnormahty  displayed  by  the  subject  of  so-called  "  factitious  urticaria  " 
is  an  exaggerated  susceptibihty  of  the  skin  to  certain  forms  of  stimulation. 
We  have  every  reason  for  assuming  that  the  wheal  produced  by  stroking 
results  from  purely  physiological  reactions  ;  the  difference  from  subject 
to  subject  appears  to  be  solely  a  difference  of  degree.  These  conclusions 
agree  with  those  of  Ebbecke.  Because  the  wheal  is  a  normal  reaction  of 
the  skin  to  injury,  because  the  changes  leading  up  to  it  evidently  belong 
to  a  physiological  mechanism  of  defence,  a  clearer  understanding  of  this 
mechanism  than  we  now  possess  becomes  of  much  importance. 
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The  present  observations  have  been  directed  particiilailj-  to  determine 
more  precisely  the  relation  of  the  wlieal  to  the  associated  vascuhir  phenomena. 

The  wheal  becomes  perceptible  within  1  to  3  minutes  of  the  stroke  and 
quickly  rises  to  its  height  (usually  in  3-5  minutes  from  the  stroking) ;  it  is 
at  first  red.  During  the  red  stage  the  wheal  itself,  and  the  surrounding 
flush,  present  capillary  pulsation.  Shortly  it  pales,  as  does  the  surrounding 
flush,  but  still  remains  prominent.  It  lasts  one  or  many  hours.  The 
exudate  ceases  to  be  poured  out,  as  Ebbecke*  has  shown,  iu  about  5  minutes  ; 
absorption  is  very  slow. 

Relation  of  the  wheal  to  arteriolar  dilatation.  CEdema  produced  l)y 
stroking  the  skin  of  the  back  occurs,  so  far  as  my  personal  experience  goes, 
and  this  must  now  extend  to  at  least  50  cases  of  so-called  urticaria  factitia, 
onlj'  in  subjects  in  wliich  the  red  line  becomes  surrounded  by  a  visible 
erythema  ;  it  is  also  true  that  if  this  erythema  develops,  some  degree  of 
sweUing  can  be  predicted,  almost  confidently,  before  it  apj)ears,  and  that 
the  brighter  the  erythema  the  more  distinct  in  general  is  the  wheal.  In 
several  striking  instances  in  which  wheaUng  has  from  time  to  time  been 
variable,  I  have  noticed  that  on  occasions  upon  which  no  wheal  appeared, 
neither  has  the  erythema,  although  the  central  red  line  has  been 
seeminglj'  of  its  accustomed  brightness.  The  association  between  the  two 
phenomena  is  so  close  that  it  has  been  commented  upon  repeatedly, 
and,  as  it  can  hardly  be  regarded  as  accidental,  calls  for  explanation  ; 
however,  a  few  exceptions  to  the  general  rule  require  notice.  Thus,  Ebbecke* 
and  Parrisius'"  both  cite  cases  of  wheaUng  in  which  they  were  unable  to 
detect  any  preUminary  reddening  or  substantial  reddening  of  the  skin  ; 
apparenth'  in  these  instances  neither  red  line  nor  flush  was  visible.  So  far 
as  the  erythematous  flush  is  concerned  the  only  exceptions  I  have  seen  have 
been  isolated  cases  showing  flush  and  wheal  on  the  trunk,  and  on  the  arms 
a  diminutive  wheal  preceded  by  a  red  fine  only,  or  by  a  red  Une  and  a  scarcely 
perceptible  flush.  In  one  such  case,  the  only  one  so  tested,  a  surrounding 
arteriolar  flush  could  be  detected  if  the  stroke  were  put  down  on  the  previously 
cyanosed  arm.  The  relation  between  a  preliminary  flush  and  oedema  is 
emphatic  in  instances  where  urticaria  is  "  spontaneous  "  ;  as  is  well  known,  a 
circular  or  irregular  patch  of  brightly  flushed  skin  develops  and  a  central 
wheal  soon  follows. 

The  relation  between  the  arteriolar  flush  and  oedema  of  the  skin  might 
be  explained  upon  the  following  basis.  A  fully  developed  urticarial  wheal 
projects  sharply  2  or  even  more  millimetres  above  the  general  skin  level  ; 
the  fluids  contained  in  it  may  be  taken  for  purposes  of  argument  to  double 
the  thickness  of  the  skin  ;  the  oedema  is  in  the  true  skin,  according  to  all 
those  who,  Uke  Gilchrist*  and  Hodara",  have  cut  sections  of  fresh  wheals. 
Tills  great  increase  of  skin  thickness,  readily  appreciated  when  a  portion  of 
the  wheal  is  excised,  can  occur  in  the  space  of  3  minutes.  We  may  take 
the  normal  supply  of  arterial  blood  to  the  whole  arm  when  warm  and  resting 
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to  be  between  5  and  10  cc.  per  100  co.  of  tissue  per  minute  (Hewlett*, 
Stewart^').  The  skin  is  not  the  most  vascular  part  of  the  arm  ;  but,  if  we 
allow  that  the  flow  to  the  skin  is  in  the  same  proportion  as  to  the  arm  as  a 
whole,  it  would  take  some  10-20  minutes  to  double  the  skin  volume  assuming 
that  the  whole  blood  (corpuscles  and  plasma)  flowing  to  it  in  its  unstimulated 
state  were  retained  there.  If  we  allow,  as  we  must,  that  the  cedema  fluid 
is  drawn  from  the  plasma  of  the  blood  and  if  we  allow,  further,  that  half  the 
fluid  entering  the  vessel  passes  through  the  walls,  the  corpuscles  and  some 
plasma  passing  on,  then  the  flow  required  to  produce  a  full  wheal  in  3 
minutes  would  be  7  to  14  times  the  normal  quantity.*  Such  a  flow  could 
not  be  obtained,  a  wheal  could  not  form  as  fully  and  as  quickly  as  it  does, 
in  the  absence  of  arteriolar  dilatation ;  arteriolar  dilatation  is  essential. 
The  rare  instances  of  wheals  developing  without  visible  preliminary  reddening 
of  the  skin  do  not  negative  this  argument,  for  an  increased  blood  supply  to 
the  skin  is  not  necessarily  associated  with  reddening  ;  the  last  depends  on 
dilatation  of  venules  and  capillaries  ;  and  this  is  not  an  inevitable  result  when 
the  arterioles  widen^.  Thus,  it  seems  clear  that  dilatation  of  the  arterioles 
along  the  Une  that  wheals  is  essential,  and  we  require  only  evidence  that 
the  arteriolar  flush  (b)  on  the  line  is  a  part  of  the  surrounding  reflex 
flush  [c).  This  evidence  is  not  forthcoming,  on  the  contrary  theie  is 
evidence  (to  be  described  in  Part  II)  that  in  the  cential  line  the 
arteriolar  flush  is  of  distinct  origin  ;  that  being  so,  the  reason  why  the 
surrounding  flush  and  whealing  are  in  general  associated,  must  still  remain 
unexplained. 

Ebbecke  in  liis  article  records  new  experiments  with  the  object  of 
showing  that  wheals  may  easily  be  produced  in  normal  subjects  ;  he  leaves 
it  to  be  inferred  that  wheals  comparable  to  urticarial  wheals  are  readily 
produced  in  normal  skins  by  inducing  a  strong  passive  hypersemia.  His 
observations,  if  he  has  correctly  interpreted  them,  would  be  of  much  import- 
ance, and  must  be  considered  in  some  detail.  The  end  of  a  glass  tube,  a 
half  centimetre  in  diameter  and  having  rounded  edges,  is  pressed  heavily 
into  the  skin  of  the  forearm  ;  the  skin  inside  the  tube  is  greatly  reddened, 
and  small  petechise  may  form  in  it.  On  lifting  the  tube  a  central  wheal  is 
found.  This  experiment  described  by  Ebbecke  is  easy  to  repeat.  The  skin 
reddens  inside  the  tube  as  he  states  ;  but  on  removing  the  tube,  the  chief 
effect  is  seen  to  be,  not  a  wheal,  but  a  ring-shaped  and  deep  depression  in  the 
skin  ;  in  the  centre  of  this  is  an  island  of  skin,  elevated  about  2  mm. 
above  its  base.  The  deijression  in  which  it  lies  gives  the  impression  that  this 
skin  is  more  swollen  than  it  actually  is.  It  often  is  swollen,  but  only  slightly, 
its  surface  lying  level  with,  or  a  fraction  of  a  millimetre  above,  the  level  of 
the  surrounding  unaffected  skin.     If  pressed  upon  or  stretched  in  common 

*  In  some  more  recent  observations  with  Dr.  Wolf,  reported  in  a  succeeding  article,  it  is  found 
that  the  temperature  of  the  skin  rises  1-5°  to  2'5°C.  during  the  development  of  a  wheal  (from  an 
original  temperature  of  about  32-5°).  We  calculate  from  separate  data  that  such  a  rise  of 
temperature  means,  at  the  least,  a  four-fold  increase  of  blood  flow. 
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with  the  surrounding  skin,  it  becomes  paler  than  does  the  latter,  as  is  the 
case  with  a  dermatographic  wheal ;  this  fact  and  the  frequent  slight  elevation 
above  its  former  level  shows  that  the  tissue  fluids  in  it  are  increased.  They 
are  only  slightly  increased,  and  the  explanation  of  tliis  shght  increase  is 
perfectly  simple.  The  heavy  pressure  of  the  glass  ring  on  the  skin  forcibly 
drives  out  the  fluids  from  the  tissue  spaces  of  the  skin  under  the  ring  and  the 
fluid  passes  into  the  neighbouring  skin,  wliich  in  part  lies  inside  the  tube  and 
in  part  surrounds  the  tube.  To  produce  the  changes  described  a  pressure 
equivalent  to  about  26  atmospheres*  has  to  be  exerted  by  the  ring  of  glass 
on  the  skin,  tliis  pressiu^e  being  maintained  for  about  60  seconds.  When  the 
tube  is  removed  not  only  the  skin  inside  the  ring,  but  that  outside  is  found 
to  be  hfted  a  little  above  the  general  level  (Figs.  1  and  2).  There  is  a  slight 
wheal  both  inside  and  outside,  the  latter  being  less  conspicuous  because  the 
fluid  is  more  widely  distributed  ;  it  is  the  central  area  of  skin  alone  that  is 
congested  during  the  period  of  pressure,  the  outside  area  being  rendered 
relatively  anemic  by  stretching.  The  production  of  the  circular  wheal  is 
due  almost  entirelyf  to  a  simple  mechanical  transference  of  tissue  fluid  from 
one  skin  area  to  another  ;  and  the  wheal  is  evidently  quite  distinct  in  form 
and  causation  from  that  known  as  "factitious  urticaria."  The  amount  of 
real  swelling  is  not  to  be  compared  with  that  found  in  the  last  condition  ; 
the  circular  wheal  at  its  height  has  neither  the  degree  of  pallor  nor  the 
translucency  of  a  wheal  produced  by  stroking  ;  the  first  can  be  brought  to 
its  full  height  in  5  seconds,  if  the  pressure  exerted  is  very  heavj',  and  it 
grows  no  higher  if  a  lesser  pressure  is  subsequently  maintained  for  2  minutes  ; 
that  is  so  because  all  the  available  fluid  in  the  skin  under  the  ring  has  been 
pressed  out  quickly  by  the  initial  very  heavy  pressure.  That  the  circular 
wheal  has  little  or  nothing  to  do  ^dth  events  in  the  capillaries  is  showai  by 
the  fact  that  it  can  be  produced  with  equal  ease  on  the  skin  of  an  arm, 
denuded  of  blood  to  a  waxy  pallor  by  means  of  an  Esmarck's  bandage  ;  in 
this  instance  the  skin  inside  the  tube  is  not  reddened  during  the  period  of 
pressure.  Incidentally,  it  may  be  stated  that  these  circular  wheals  are  produced 
no  more  easily  in  those  who  show  striking  dermatographic  wheals  than  they 
are  in  those  who  do  not. 

Effects  of  congesting  the  skin  by  suction.  Ebbecke's  first  experiment  leads 
to  a  second,  which  is  equally  important  from  our  present  point  of  view.  It  is 
stated  that  wheals  may  be  joroduced  when  suction  is  apj)lied  by  means  of  a 
small  capsule.  I  have  appKedsuction  to  the  skin  of  a  sufficiently  large  number 
of  subjects  to  know  that  this  experiment  is  also  open  to  misinterpretation. 
If  a  glass  tube  8  or  10  millimetres  in  internal  diameter  is  employed,  the 
result  is  very  similar  to  that  produced  by  pressure  with  the  same  tube,  and 

*  About  7  lbs.  weight  is  required  on  a  glass  tube  of  1/32  inch  thickness,  and  of  2  3  inch 
external  circumference,  or  about  395  lbs.  to  the  square  inch. 

t  Some  of  the  swelling  will  be  due  at  first  to  congestion,  and  a  very  little  to  htemorrhage  into 
the  tissue,  when  this  occurs,  but  these  minor  factors  may  be  neglected. 
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is  mainly  due  to  the  same  cause,  for  the  skin  in  actual  contact  with  the  glass 
is  stretched  and  pressed  upon  and  the  fluid  of  tliis  ring  of  skin  is  displaced  into 
the  neighbouring  skin  within  and  mthout  the  tube.  A  more  satisfactory 
IDlan  is  to  use  a  capsule  having  a  mouth  of  four  or  five  centimetres  diameter  ; 
for  under  these  conditions  any  fluid  displaced  by  the  margin  of  the  capsule 
to  the  skin  within  it  does  not  bulk  largely  and  the  observations  thus  yield 
the  more  uncomplicated  effects  of  lowered  pressure.  Suction  is  applied  to 
the  skin  of  forearm  or  back,  and  negative  pressures  ranging  from  30  to  100 
mm.  Hg.  are  emjiloyed  and  maintained  for  periods  of  2  to  5  minutes.  On 
removing  the  capsule,  the  central  reddened  area  of  skin  is  surrounded  by  a 
circular  trench,  where  the  skin  at  the  margin  has  been  stretched  against 
the  glass  edge  (Fig.  3).  Petechial  haemorrhages  over  the  central  area  are 
usual  with  suction  surjjassing  70  mm.  Hg.,  the  critical  pressure  varying 
somewhat  from  subject  to  subject  ;  but  a  wheal  in  the  true  sense  is  never 
provoked  by  this  means,  either  in  normal  skins  or  in  those  which  easily 
display  factitious  urticaria  on  stroking.  There  may  be  a  very  slight  puffiness 
or  elevation  of  the  skin,  but  it  has  not  lost  its  elasticity  as  it  has  when  a 
true  wheal  is  formed.  Some  of  the  shght  temporary  swelling  is  due  to 
simple  congestion,  the  skin  remaining  red  for  a  while  ;  a  little  swelling 
bordering  the  inner  and  outer  edges  of  the  glass  is  due  to  tissue  fluid  being 
expressed  from  the  skin  which  is  jiressed  against  the  margin  of  the  capsule  ; 
some  may  be  due  to  the  transference  of  tissue  fluids  from  deeper  to  more 
superficial  tissues  as  a  consequence  of  the  suction  ;  it  is  possible,  indeed 
probable,  that  a  very  slight  amount  of  fluid  may  be  filtered  out  from  the 
capillaries  ;  if  the  last  factor  were  wholly  the  cause  of  such  swelling  as 
exists,  and  it  is  not,  the  amount  of  this  filtrate  would  bulk  far  less  than  would 
the  fluids  gathering  during  a  .similar  period  of  time  in  a  dermatographic 
wheal  (Fig.  3).  Moreover,  the  sUght  puffiness  produced  by  a  suction  cajjsule 
subsides  and  is  imperceptible  within  a  few  minutes.  On  many  occasions  I 
have  used  suction  of  this  kind,  covering  a  wide  range  of  pressures  ( —  30  to 
—  100  mm.  Hg.),  on  the  skins  of  various  patients  who  show  urticaria  readily 
on  stroking,  and  have  stroked  the  skin  in  the  neighbourhood  of  the  capsule 
at  the  same  time  that  suction  is  apphed  inside  the  capsule.  The  suction  is 
maintained  until  the  wheal  outside  comes  to  its  height  (usuaUy  3-5  minutes) 
or  longer.  The  reddening  of  the  skin  within  the  capsule  in  this  experiment 
when  the  suction  is  powerful  is  of  a  deeper  hue  at  all  stages  than  it  is  in  the 
red  line  of  the  skin,  the  first  reaction  to  the  stroke  ;  often  several  or  hundreds 
of  minute  haemorrhages  develop  over  the  area  of  suction,  none  develops 
where  the  skin  has  been  stroked.  When  the  capsule  is  removed,  congestion 
and  a  Httle  puffiness  mark  the  site  of  suction,  a  conspicuous  wheal,  standing 
about  2  milhmetres  above  the  general  level  of  the  skin,  marks  the  fine  of 
stroke  (Fig.  3).  Between  the  excess  of  fluid  gathered  in  the  two  areas  there 
is  no  comparison.  If  similar  suction  is  apphed  to  an  arm  which  has  first 
been  depleted  to  a  waxy  pallor  by  means  of  an  Esmarck's  bandage,  a  very 
similar  deformity  of  the  skin  is  produced,  though  naturally  it  lacks  the  redness 
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of  congestion  and  of  petecliial  haemorrhages.     Urticarial  wheals,  as  a  reaction       y^ 
to  stroking,  never  appear  on  an  arm  under  similar  conditions. 

When  suction  of  100  mm.  Hg.  is  applied  to  the  skin  surface  a  not  very 
dissimilar  fall  of  pressure  must  occur  in  the  undcrljing  tissue  spaces  ;  the 
pressure  inside  the  small  vessels  will  not  change  correspondingly,  for  blood 
is  free  to  flow,  and  does  flow,  into  them.  The  chfference  in  pressure  between 
the  contents  of  the  vessels  and  of  the  tissue  spaces  is  forced  much  above  the 
normal ;  for  this  reason  the  vessels  distend.  The  degree  of  this  distension 
and  the  exaggeration  of  the  differential  pressure  may  be  gauged  by  the 
rupture  of  many  minute  superficial  vessels.  The  degree  of  engorgement, 
judged  by  depth  of  colour  and  by  these  haemorrhages,  exceeds  that  occurring 
in  the  vascular  reaction  to  a  stroke  put  down  at  the  same  time  and  side  by 
side  on  a  skin  susceptible  to  urticaria.  The  suction  is  maintained  until  a 
wheal  has  fully  developed  on  the  hne  of  stroke  ;  in  the  two  instances  a  similar 
time  elapses,  yet  at  the  end  notliing  approaching  to  a  wheal  is  found  on  the 
area  submitted  to  suction.  The  effects  of  less  powerful  suctions  are  similar, 
though  less  in  degree.  It  seems  clear  from  such  observations  that  neither 
an  increase  of  differential  pressure,  nor  distension  of  the  vessels,  is  alone 
competent  to  create  the  oedema  of  a  wheal.  The  conclusion  that  these 
factors  play  at  the  most  a  subsidiary  part  in  the  phenomenon  is  supported 
by  the  next  observations.  J^ 

Effect  of  venous  congestion  on  a  developing  icheal.  An  armlet  is  placed 
on  the  upper  arm  of  a  patient  susceptible  to  urticaria  and  pumped  to  the 
desired  pressure  ;  the  veins  of  the  forearm  become  engorged.  The  pressure 
is  maintained  for  a  number  of  minutes  to  be  certain  that  full  venous  pressure 
is  obtained  and  the  congested  arm  is  then  stroked  firmly.  The  time  taken 
for  the  wheal  to  appear,  and  its  state  when  fully  develojDcd,  is  noted  and 
compared  with  observations  on  the  control  arm. 

A  large  number  of  observations,  which  the  accompanj'ing  Table  I 
illustrates,  establishes  the  fact  that  an  increase  of  venous  pressure  neither 
expedites  the  a23pearance  of  the  wheal  nor  exaggerates  its  jjrominence.  On 
the  contrary,  the  wheal  is  generally  more  prominent  on  the  control  than  upon 
the  congested  arm  ;  especially  is  this  the  case  when  great  congestion  [i.e., 
70-100  mm.  Hg.)  is  emjiloyed. 

The  smaller  size  of  the  wheal  on  the  congested  arm  is  not  due  to  masking 
by  sHght  general  oedema  of  the  tissues  which  might  be  supjjosed  to  develop. 
Thus,  the  right  and  left  arms  are  stroked,  the  right  arm  having  previously 
been  congested  by  means  of  a  pressure  cuff  at  70  mm.  Hg.  for  3  minutes. 
Three  minutes  after  the  strokes  the  wheal  (L  1)  on  the  left  arm  is  more  pro- 
prominent  than  that  {R  1)  on  the  right  arm.  The  cuff  is  now  transferred  to 
the  left  arm  and  this  arm  is  similarly  congested  at  the  same  pressure  and  for 
the  same  period.  The  two  arms  are  again  stroked  {R  2  and  L  2).  When  the 
wheals  have  developed,  that  on  the  uncongested  arm  (i?  2)  is  again  found 
to  be  the  more  prominent ;  and  on  re-examining  the  first  wheals  {L  1  and 
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R  1)  the  original  difference  between  these  two  is  found  to  have  been  main- 
tained. .  If  it  were  a  question  of  masking  by  slight  general  oedema  that  would 
not  be  the  case  ;  for  the  oedema  of  the  left  arm,  now  congested,  should  tend 
to  mask  the  first  wheal  (L  \).  As  the  fom-  wheals  are  watched  for  a  further 
period  of  15  minutes,  neither  arm  being  meanwhile  congested,  the  differences 
in  size  are  maintained ;  that  is  to  say,  L  1  remains  more  prominent  than 
R  \,  R  2  remains  more  prominent  than  L  2  ;  yet  both  arms  have  been 
congested  in  equal  amounts  and  for  equal  periods  of  time.  Thus,  congestion 
of  an  arm,  upon  which  a  wheal  already  stands,  has  no  perceptible  effect  on 
the  wheal,  but  a  wheal  forming  on  a  congested  arm  does  not  develoj)  fully. 

The  rise  in  venous  pressure  in  the  congested  arm  must  raise  to  an 
approximately  equal  extent  the  pressure  in  the  capillaries  and  venules  ; 
the  degree  to  which  these  small  vessels  become  engorged  is  witnessed  to 
by  the  deep  colouration  of  the  skin  and  by  the  development  oftentimes  of 
groups  of  petechial  hsemorrhages  when  heavy  pressures  have  been  employed. 
These  haemorrhages  are  usually  to  be  seen  when  cuff  pressures  somewhat 
exceeding  70  mm.  Hg.  have  been  employed,  first  appearing  in  the  loose  skin 
of  the  ante-cubital  fossa.*  These  exjieriments  illustrate  again  the  want  of 
relation  between  the  amount  of  the  oedema  formed  and  the  distension  of  the 
vessels  on  the  one  hand  and  differential  (vessel-tissues)  pressure  on  the  other. 

The  very  decided  effect  of  venous  congestion  (such  as  is  produced 
by  70  to  100  mm.  Hg.  cuff  pressure)  in  reducing  the  size  of  a  developing 
wheal,  is  due  to  interference  with  the  supply  of  blood  to  the  skin.  The 
effect  of  congestion  at  30  mm.  Hg.f  are  relatively  sHght,  but  as  the  degree 
of  congestion  is  raised  the  effect  increases  ;  it  increases  especially  when 
pressures  near  the  diastohc  arterial  pressure  are  used ;  when  pressures 
approaching  closely  to  the  systohc  arterial  pressure  are  employed  there  is 
no  wheal.  These  findings  are  compatible  with  those  of  Stewart^-,  who  has 
shown  that  while  congestion  to  half  the  diastohc  pressm-e  causes  a  relatively 
small  diminution  of  blood  flow  to  the  hand,  congestion  to  diastohc  pressure 
very  seriou,sly  diminishes  the  flow  and  that  an  armlet  pressure  10  to  15  mm. 
below  systolic  pressure  almost  abohshes  the  flow. 

Effect  of  obliterating  the  artery.  Consistent  with  these  resiilts  is  the 
observation,  repeated  on  a  score  or  more  of  patients  in  the  last  eight  years, 
that  susceptible  subjects  never  show  a  trace  of  wheahng  on  the  arm  if  the 
vessels  of  the  hmb  are  first  completely  occluded.  In  these  circumstances 
the  red  line  develops  after  stroking ;  the  surrounding  flush  does  not  and  no 

*  The  liability  of  the  minute  vessels  to  break  and  cause  petechial  hemorrhages  is  a  question 
worth  further  investigation.  Thus,  recently,  in  a  case  of  subacute  infective  endocarditis,  a 
pressure  of  60  mm.  maintained  for  3  minutes  protluced  innumerable  petechial.  Such  a  reaction  is 
not  normal,  and  suggests  that  in  this  condition  the  vessels  concerned  are  tender ;  in  this  may  lie 
the  well  known  tendency  of  these  cases  to  present  spontaneous  haemorrhages  into  the  skin. 

t  Cuff  pressures  much  lower  than  30  mm.  Hg.  cannot  be  used  and  accurately  read  in  terms 
of  pressure  on  the  arni ;  but  that  niinor  rises  of  venous  pressure  are  not  efficacious  in  increasing 
the  size  of  the  wheal  is  shown  by  stroking  the  arm,  when  the  last  is  held  at  different  levels, 
relative  to  the  heart.  It  seems  immaterial  whether  the  arm  is  held  horizontal  or  hangs  vertically 
or  lies  in  an  intermediate  position ;  the  wheals  produced  by  stroking  are  alike. 
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wheal  appears,  even  if  occlusion  is  maintained  for  10,  15  or  even  20  minutes. 
This  fact  shows  clearly,  what  might  be  anticipated,  that  oedema  cannot 
form  in  the  absence  of  vascular  flow.  It  justifies  us  in  the  natural  assumption 
that  the  oedema  fluid  is  deiived  directly  and  wholly  from  the  blood  plasma.* 
In  such  observations  the  adequacy  of  the  stroke  on  the  occluded  limb  is 
shown  by  releasing  the  armlet  several  minutesf  after  a  control  wheal  has 
appeared  on  the  opposite  limb.  A  wheal  now  develops  rapidly  over  the 
original  line  of  stroke.  I  have  endeavoured  to  induce  the  wheal  on  an  arm 
in  which  the  circulation  has  been  stopped,  by  massaging  the  blood  in  and 
out  of  the  red  line,  but  without  success.  A  sufficient  supply  of  blood 
apparently  cannot  be  maintained  by  this  means. 

Effect  of  suction  on  a  developing  wheal.  For  the  most  part  these 
observations  have  been  undertaken  on  the  skin  of  the  back,  where  wheals 
develop  most  prominently.  In  the  interscapular  region  a  long  firm  stroke 
is  made  and  a  capsule  is  at  once  appUed  and  the  pressure  reduced  to  —  30 
to  —  70  mm.  Hg.  over  the  middle  third  of  the  Une.   The  suction  is  maintained 


Subject. 

Region. 

Pressure 
in  mm.  Hg. 

Duration 
in  mins. 

\\lieal 
begins 
outside. 

On  release. 

1. 

Back 

—  50 

2 

1  rain. 

Wheal  distinctly  less  within 
capsule  area ;  the  same 
45  rains,  later. 

Back 

—  70 

4 

1  min. 

Petechia  formed.  Wheal 
rauch  less  prominent,  though 
broader,  within  capsule 
area  ;  the  same  35  mins. 
later. 

Back 

—  110 

3 

soon 

Wheal  flatter  but  broader 
within  capsule  area.  Hun- 
dreds of  minute  hjemor- 
rhages. 

2. 

Back 

—  50 

3 

\\  mins. 

Same  within  and  without. 

3. 

Back 

—  80 

4 

2  mins. 

Petechise  formed.     Less  pro- 

within  capsule  area. 


until  the  wheal  above  and  below  the  capsule  is  fully  developed  ;  then  the 
cajjsule  is  removed  and  the  fine  examined  in  its  length.  Within  the  capsule, 
the  wheal  appears  to  develop  almost  as  quickly  as  outside.  On  removing 
the  capsule,  the  capsular  portion  of  the  wheal  is  almost  always  found  to  be 
reduced  in  prominence,  though  it  may  be  broadened  (Fig.  4).   Occasionally  this 

*  Ebbecke'  has  shown  that  if  Trj'pan  red  (or  blue)  is  injected  into  the  circulation,  the  dye 
appears  in  a  wheal  while  it  is  forming,  an  observation  which  not  only  proves  the  origin  of  the 
fluid  but  evidences  increased  permeability  of  the  minute  vessel  walls. 

t  If  this  interval  is  sufficiently  prolonged,  a  wheal  does  not  develop  over  the  original  line 
of  stroking,  a  fact  which  will  be  discussed  more  fully  in  a  subsequent  communication. 
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portion  of  the  wheal  has  the  same  appearance  as  the  remainder  ;  it  is  never 
more  prominent  than  that  over  the  area  which  has  not  been  submitted  to 
a  reduced  external  pressure.  In  the  period  during  which  the  wheal  is 
forming,  the  skin  in  the  capsule  is  elevated  by  the  suction  and  is  of  a  purple 
colour;  this  colour,  when  strong  suction  (70-100  mm.)  is  aj^phed,  is  much 
deeper  than  that  developed  in  the  red  line  outside  the  capsule  ;  also,  in 
this  skin  petechise  often  develop.  This  observation  is  consistent  with  other 
instances  of  congestion  previously  described,  in  that  it  fails  to  show  an 
increased  oedema  when  the  distension  of  the  minute  vessels  is  increased.  It  is 
assumed  that  in  the  area  beneath  the  capsule  the  full  vascular  reaction  to  the 
stroke  is  developed  and  preserved  ;  in  addition  to  dilatation  of  capillaries  and 
venules,  the  arterioles  dilate  ;  the  la.st  may  be  shown  by  relaxing  the  suction, 
when  the  surrounding  flush  becomes  visible  ;  the  flush  is  presel^t  during  the 
period  of  suction  but  is  then  masked  by  general  engorgement.  That  the 
differential  pressure  between  small  vessels  and  tissue  spaces  is  increased  by 
the  suction  is  unquestionable  ;  the  effect  of  the  suction  upon  the  arterioles 
is  open  to  more  doubt.  I  know  of  no  definite  evidence  that  such  suction 
will  increase  or  decrease  the  amount  of  blood  steadily  flowing  to  the  part. 
If  it  is  decreased  the  reduced  size  of  the  wheal  might  be  exiilained  on  this 
basis.*  On  the  other  hand,  the  meaning  of  this  reaction  may  be  found  in 
dispersion  of  the  oedema  into  the  suri'ounding  tissues,  the  wheal  is  flattened 
and  at  the  same  time  broadened. 

The  foregoing  observations  show  clearly  that  fluid  does  not  pass  from 
blood  vessel  to  surrounding  tissue,  to  form  a  wheal,  as  a  simi^le  consequence 
of  capillary  distension,  a  distension  such  as  might  in  that  case  be  supj^osed 
to  increase  the  jjermeabiHty  of  the  vessel  walls.  They  further  negative  the 
assumption  that  the  fluids  pass  out  owing  to  an  increased  differential  pressure 
producing  a  quicker  filtration.  Neither  can  it  be  said  that  the  conditions 
are  satisfied,  when  such  increased  permeability,  as  may  be  supposed  to 
result  from  distension,  is  combined  with  a  large  rise  of  differential  pressure. 
Obviously  a  further  factor  is  needed.  Can  it  be  said  that  this  factor  is 
purely  such  an  increased  blood  flow  to  the  part  as  has  been  shown  to  be 
necessary  ?  Briefly,  is  the  increased  differential  jjressure,  acting  upon  a  wall 
whose  permeabiKty  is  supposedly  increased  by  stretching,  sufficient  to  force 
through  that  wall  fluid  in  quantity  enough  to  produce  a  wheal,  given  that 
this  fluid  is  supj^Ued  by  the  vessels  in  adequate  quantity  ?  A  reply  to  this 
cpiestion  is  returned,  I  think,  by  the  concluding  observations,  and  the 
possible  influence  exerted  by  distension  and  vascular  pressure  is  reduced 
to  narrower  Umits. 

Pressure  just  required  to  prevent  a  wheal  appearing.  A  heavy  stroke  is 
made  from  the  point  of  the  shoidder  well  down  the  upper  arm.  A  pneumatic 
armlet  is  at  once  applied  and  the  pressure  exerted  within  15  or  20  seconds 

*  Later  obsen  ations  with  the  thermopile  show  tliat  the  temperature  of  tlie  skin  submitted 
to  suction  may  remain  normal  or  may  be  a  little  but  definitely  reduced,  the  last  indicating  a 
decreasetl  blood  flow  ;  tliis  is  presumably  due  to  the  pressure  of  the  capsule  impeding  the 
outflow  through  the  veins. 
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on  the  lower  half  of  the  line  of  stroke.  A  chosen  pressure  is  maintained  in  the 
armlet  for  usually  3  or  4  minutes,  by  which  time  a  wheal  has  developed 
fully  over  the  upper  half  of  the  stroke  and  outside  the  armlet.  The  armlet 
is  quickly  removed  and  the  skin  under  it  at  once  examined.  According 
to  the  pressure  used,  a  wheal  may  or  may  not  have  developed.  If  a  wheal  is 
not  present  on  removing  the  armlet  it  always  develops  fully  and  quickly 
after  removing  the  armlet,  thus  showing  the  stroke  to  have  been  an  effective 
stimulus  throughout  its  length.  The  following  table  (Table  III)  illustrates 
these  observations  in  three  subjects,  and  shows  that  a  pressure  of  over  30, 
40,  or  even  50,  milhmetres  of  Hg.  on  the  skin  is  necessary  to  prevent  a  wheal 
appearing,  and  that,  up  to  these  pressures,  fluid  is  able  to  collect  in  the  tissues 
to  form  a  wheal  (Fig.  5). 

These  observations  have  been  confirmed  and  ampUfied  in  the  following 
manner.  Immediately  after  stroking  the  skin  of  the  upper  arm  or  interscapular 
region,  a  glass  capsule  is  appUed  to  a  portion  of  the  line  and  the  pressure 
within  it  raised  at  once  to  a  desired  point  and  maintained.  The  events 
inside  and  outside  the  capsule  are  then  watched.  A  protocol  of  a  single 
series  of  observations  will  illustrate  the  method. 

Sitbject  4.     Syst.  B.P  =  115  ;  Diast.  B.P.  85. 

(1)  R.  upper  arm  is  stroked  and  capsule  applied  at  30  nun.  Hg.  over  centre  of  line  stroked. 
Outside,  a  bright  red  line,  surrounding  flush  and  prominent  urticaria  are  developed  during 
3  minutes'  observation.  Inside  the  capsule  a  faint  red  line  alone  develops.  On  removing  the 
capsule  a  very  slight  oedema  is  found  along  the  line  of  stroke  beneath  it. 

(2)  Repeated  on  L.  upper  arm  ;  capsule  applied  at  30  mm.  and  stroke  heavier.  Appearances 
outside  capsule  as  before.  Inside  capsule  a  slight  red  line  develops,  though  not  nearly  so  brightly 
as  outside.  After  4  minutes  this  red  line  is  found  to  be  obliterated  if  the  capsule  pressure  is 
raised  to  70  mm..  Removing  the  capsule,  a  very  slight  wheal  is  foimd,  which  quickly  develops 
to  a  full  wheal. 

(3)  Repeated  on  L.  shoulder  ;  capsule  applied  at  40  mm..  A  vivid  red  line  appears  at 
15  seconds  outside  ;  at  30  seconds  a  very  faint  red  line  appears  inside,  and  this  has  brightened 
a  little  at  1  minute.  At  3  minutes,  a  full  wheal  is  present  outside,  but  on  removing  the  capsule 
none  can  be  foimd  inside. 

(4)  Repeated  on  L.  shoulder  ;  capside  applied  at  22  mm..  A  red  line  is  present  inside  and 
outside  at  40  seconds  ;  by  the  end  of  1  minute  its  intensity  is  almost  imiforra  throughout  its 
length.  The  surrounding  skin  inside  the  capsule  is  flushed  at  2.|  minutes  ;  the  last  has  not  been 
seen  in  previous  observations,  and  a  wheal  is  seen  inside  also  at  4  minutes  ;  the  whole  skin 
inside  is  whitened  by  raising  capsule  pressure  to  60  mm.  ;  a  pressure  of  50  mm.  abolishes  the 
flush,  but  the  red  line  still  remains  very  faintly  visible.  On  removing  the  capsule  at  4  niinutes, 
there  seems  to  be  little  difierence  in  the  wheal  inside  and  out.  The  flush  around  the  wheal 
requires  50  mm.  pressiire  to  abolish  it  when  the  capsule  is  re-appUed. 

(5)  Interscapular  region  stroked  and  capsule  apphed  at  33  mm..  At  30  seconds  the  red  line 
is  vivid  outside  and  faintly  seen  inside.  Flush  well  developed  outside  by  1  minute,  it  appears 
inside  faintly  at  li  mintites.  Wheal  perceptible  outside  at  IJ  minutes,  but  not  Inside.  At 
2  minutes  the  red  line  inside  has  become  more  distinct,  though  far  less  vivid  than  outside.  At 
tliis  stage  a  rise  of  pressure  to  60  nun.  abolishes  the  flush  inside  and  renders  the  red  line  only 
just  perceptible.  At  4  minutes  the  wheal  outside  is  full ;  on  removing  capsule  a  slight  wheal  is 
found  beneath  it,  and  this  quickly  develops  to  the  full. 

(6)  Repeated  at  40  nun.  pressure.  Same  events  outside.  Inside  the  skin  is  uniformly  pale 
at  end  of  3  minutes  ;  at  4  minutes  the  capsule  is  removed  and  no  wheal  is  found  beneath  it ; 
a  flush  develops  over  the  whole  area  compressed,  and  within  a  few  seconds  a  wheal  begins  to 
develop  along  the  line  of  stroke  ;  it  is  equally  developed  with  outside  wheal  in  45  seconds  after 
capsule  is  removed.    The  flush  now  requires  55  mm.  pressure  to  abolish  it. 

(7)  Repeated  at  35  mm.  pressiire.  A  slight  red  line  develops  inside  at  20  seconds,  and 
has  brightened  by  I  minute.  A  very  slight  flush  inside  at  1  i  minutes.  The  flush  reqtiires  55  ram. 
pressure  to  abolih  it,  the  red  line  rather  more.  At  4  minutes,  the  capsule  being  removed,  no 
wheal  is  perceptible  on  this  skin,  but  is  fully  developed  outside.  The  inside  wheal  now  quickly 
develops,  as  usual. 
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These  observations  and  similar  series,  each  repeated,  upon  two  other 
patients  are  briefly  summarised  in  Table  IV.  They  confirm  the  previous 
observations  that  urticaria  will  develop  against  pressures  ranging  from  30 
to  50  mm.  Hg..  They  show,  further,  that  when  the  j^ressure  is  just  sufficient 
to  prevent  urticaria  develojiing,  a  flush  around  the  line  of  stroke  is  prevented 
in  most  instances  or  may  appear  only  faintly,  and  that  a  visible  red  line  is 
either  developed  faintly  or  may  on  occasion  be  sujipressed.  In  other  words, 
a  pressure  just  sufficient  to  prevent  urticaria  developing  is  just  sufficient 
to  prevent  the  appearance  of  the  preceding  vascular  reaction   or,   more 


Err 

T.\BLE  IV. 

nts  under  positive  pressure  capsule. 

Skin 
tested. 

Approximate  pressures  needed 
to  prevent  development  of 

Pressures  needed  to 
abolisli  a  developed 

Blood 
pressure. 

Subject. 

red  line. 

flush. 

urticaria. 

red  line 

flush. 

syst. 

diast. 

1. 

Arm 

85 

- 

55 

— 

- 

154 

76 

2. 

Ann  and 
back 

50+ 
to  60+ 

50+ 
to  60+ 

48 

70—90 

60—75 

116 

82 

3. 

Arm  and 
back 

45—50 

:;n     ;;.-.              40 

about  90 

50—60 

120 

70 

4. 

Arm  and 
back 

40                  40              35—40 

60—70 

50—60 

115            85 

usually,  manifestly  to  reduce  it.  In  this  relative  anaemia  of  the  stroked  skin 
evidently  lies  the  reason  whj-  pressures  of  30-50  mm.  Hg.  suffice  to  prevent 
urticaria  developing.  Important  conclusions  are  to  be  drawn  from  these 
observations,  especially  from  those  in  which  the  pressure  just  preventing 
urticaria  is  almost  or  quite  sufficient  to  aboUsh  the  preceding  dilatation  of 
the  vessels.*  These  show  that  the  increased  pressure  developed  in  the 
vessels,  in  response  to  the  stroke,  is  counteracted  in  some  instances  completely 
or  almost  completely,  by  the  capsular  pressure  in  question.  A  slightly  lower 
capsular  pressure  permits  fluid  to  jjass  out  of  the  vessels  ;  here  the  disten.sion 
of  the  vessels  is  small  and  the  differential  (vessel  to  tissue)  pressure  cannot 
greatly  exceed  the  differential  pressure  of  the  surrounding  unaffected  skin. 


*  It  may  be  asked,  perhaps,  why  these  observations  are  not  carried  out  microscopically. 
To  attempt  to  do  so  would  greatly  increase  the  technical  difficulties,  owing  to  the  short  space  of 
time  during  which  observation  is  possible.  Moreover,  I  much  question  if  the  microscopic  method, 
could  it  be  carried  out  successfully,  would  present  any  material  advantage.  It  might  decide 
between  a  slight  dist«nsion  of  the  vessels  and  no  distension,  a  trivial  point.  It  could  also  decide 
the  question  of  capillary  as  opposed  to  venule  distension.  The  point  is  this,  it  might  be  arguetl 
that  the  fluid  passes  out  by  the  capillaries  and  not  by  the  minute  venules,  so-called,  and  that  the 
pressures  employed  were  sufficient  to  prevent  the  last  filling,  but  not  the  first,  the  last  being 
mainly  responsible  for  skin  colour  in  the  arm.  The  reply  to  this  is  two  fold.  Firstly,  if  the 
venules  are  closed,  there  is  no  outlet  for  the  capillary  blood,  and  therefore  no  flow  in  them. 
Secondly,  the  similarity  of  structure  between  capillaries  and  minute  venules  and  the  depth  to 
which  the  oedema  is  foimd  to  penetrate  in  sections,  renders  it  hardly  conceivable  that  the 
capillaries  of  the  papiUap  are  alone  responsible  for  the  exudate. 
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It  is  here  to  be  remarked  that  the  pressure  needed  to  prevent  the  appearance 
of  the  red  Une,  and  the  pressure  needed  to  abolish  such  a  hne  once  it  has 
developed,  does  not  seem  to  differ  materially  in  the  case  of  those  prone  or  in 
those  not  prone  to  wheal,  given  that  such  control  subjects  are  chosen  for 
comparison  who  give  rather  vivid  red  lines  on  stroking.  The  absence  of 
material  distension  of  the  vessels  in  many  of  these  observations,  in  which 
there  is  developed  an  oedema,  reduced  in  amount  it  is  true  but  present 
nevertheless,  may  be  coupled  with  the  observations  in  which  wheals  have 
been  seen  to  follow  strokes  yielding  little  or  no  visible  reddening  of  the 
skin.*  The  evidence,  presented  by  the  pressures  determined,  suggests 
most  strongly  that  filtration  under  an  enhanced  pressure  may  be  disregarded  ; 
it  certainly  places  any  hypothesis  of  simple  filtration  through  normal 
capillaries  finally  out  of  court.  For  if  pressures  of  as  much  as  70  or  more 
mm.  Hg.  are  sometimes  developed  in  the  minute  vessels  of  the  skin  without 
oedema  developing,  as  they  are  in  red  lines  produced  in  normal  skins  by 
stroking,  pressiu-es  exceeding  these  by  40  or  50  mm.  at  least  would  be 
required  when  oedema  develops  in  urticarial  skins  under  our  capsule.  The 
full  values  would  then  approach  or  surpass  the  normal  systolic  blood 
pressures,  which  are  often  on  the  low  side  of  normality  in  urticarial  j^atients. 
The  same  observations  and  the  conclusions  drawn  from  them,  while  disponing 
of  the  view  that  a  suificient  increase  of  permeability  can  result  from  simple 
stretching  of  the  endothelial  walls,  at  the  same  time  convince  us  not  only 
that  increased  permeability  occurs,  but  that  it  occurs  in  a  remarkable  degree. 
When  a  diminutive  wheal  develops  under  a  pressure  capsule,  it  is  diminutive 
because  the  outside  pressure  checks  the  rate  of  blood  flow  in  the  affected 
vessels  ;  it  is  possible  in  these  circumstances  that  increased  permeability 
is  the  sole  change  determining  the  oedema.  Under  the  more  natural 
conditions  at  which  full  wheals  develop,  increased  permeability  does  not 
suffice,  it  must  be  associated  with  greatly  increased  blood  flow. 

Further  to  evidence  the  increased  permeability  of  the  capillary  walls 
the  protein  content  of  the  wheal  fluid  may  be  cited.  The  percentage  content 
is  difficult  to  ascertain  accurately  owing  to  the  small  amounts  of  fluid 
available.  If  several  capillary  glass  tubes  are  driven  into  a  fully  developed 
wheal,  and  gentle  pressure  is  exerted  on  the  wheal,  it  is  possible  to  collect 
4  or  6  tenths  of  a  cubic  millimetre  of  clear  fluid.  This  quantity,  drawn  from 
one  of  our  patients  (Subject  1)  was  diluted  exactly  10  times  in  graduated 
fine-bore  tubing,  taken  up  into  tubing  of  1-5  mm.  bore  and  mixed  with  an 
equal  quantity  of  absolute  alcohol.  At  the  same  time  an  equal  quantity 
of  the  patient's  blood  serum,  diluted  8,  10,  12,  16,  18  and  20  times,  was 
treated  similarly.  The  tubes  were  sealed  and  the  precipitates  examined 
before  and  after  centrifugalising.     The  precipitate  in  the  wheal  fluid  tube 

*  Parrisius"'  Iiiinself  concludes  from  tlie  very  full  urticarial  wheal  produced  in  his  patient  in 
the  absence  of  a  substantial  reddening  of  the  skin,  that  increased  permeability  of  the  capillaries 
consequent  on  their  overdistension,  could  not  have  been  responsible  for  the  urticaria. 
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was  judged,  both  before  and  after  centrifiigalising  it,  to  correspond  to  that 
of  the  serum  15  times  diluted.  In  another  observation  (on  Subject  2)  the 
protein  in  the  wheal  fluid,  10  times  diluted,  corresponded  to  that  in  serum 
from  a  normal  subject  diluted  12  times.  Thus  the  protein-content  of  the 
wheal  fluid  approximates  much  more  closely  to  that  of  the  blood  serum 
than  does  the  protein  content  of  lymph  from  the  limbs  (see  Starling"). 
The  wheal  fluid  forms  perfectly  distinct  clots  of  fibrin,  in  which  a  few 
leucocytes  are  enmeshed,  soon  after  it  is  withdrawn  ;  the  flakes  of  fibrin 
found  in  two-tenths  of  a  cubic  milUmetre  of  fluid  are  sufficiently  large  to 
be  seen  with  the  naked  eye.  They  have  been  removed  before  the  fluid 
has  been  used  for  protein  estimations. 

A  final  observation  confirms  the  general  argument  that  the  simple 
effects  of  vascular  dilatation,  even  when  accompanied  by  increased  blood 
flow,  do  not  stand  alone  or  together  as  the  sole  causes  of  the  wheal,  and 
points  therefore  to  increased  permeability  of  the  vessel  walls  as  the 
dominant  factor.  If  suction  is  applied  to  the  region  of  flush  surrounding 
the  jjreliminary  red  line  of  the  developing  wheal  a  dilatation  of  the  minute 
vessels  controUable  in  its  degree  is  added  over  an  area  in  which  the  arterioles 
are  already  appropriately  dilated,  and  thus  all  the  recognised  and  simple 
vacsular  conditions  would  appear  to  be  fulfilled.  Yet  no  trace  of  wheal 
develops  where  this  suction  is  appUed.  What  is  lacking  is  that  the  skin  so 
tested  has  not  been  stroked,  and  the  endothelial  wall  of  the  minute  vessels 
has  not  been  altered  to  that  degree  of  increased  permeability,  which  the 
stroke  seemingly  engenders,  and  which  is  requisite  for  the  rajjid  outpouring 
of  fluid. 

It  is  perhaps  expedient  to  state  that  the  conclusions  now  drawn  are 
intended  to  apply  solely  to  the  form  of  oedema  discussed  ;  further  observa- 
tions may  show  that  they  are  or  are  not  relevant  to  other  varieties  of  oedema, 
but  whether  that  may  prove  to  be  the  case  or  not,  strictly  limited  conclusions 
are  obviously  desirable  in  the  present  state  of  our  knowledge. 


Conclusions. 

1.  The  skin  of  all  young  subjects  wheals  when  suitable  stimuli  are 
apphed,  though  the  susceptibihty  of  the  skin,  as  measured  by  the  strength 
or  number  of  stimuli  applied,  is  variable.  Dermatographic  wheals  result 
from  purely  physiological  processes. 

2.  The  pressure  at  which  the  wiieal-fluid  is  able  to  collect  in  the  tissues 
amounts  to  30-50  mm.  Hg..  It  clots  on  standing  and  subsequently  its  protein 
content  is  found  to  be  67  to  84  per  cent,  that  of  blood  serum. 

3.  The  oedema,  which  goes  to  form  the  dermatographic  wheal,  is 
independent  of  such  increased  permeability  of  the  vessel  walls  as  may  be 
supposed   to  follow  simply  from   their  distension  ;    it  is  independent  of 
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though  it  may  very  prohablj'  be  aided  by  an  increased  filtration  pressure. 
It  is  due  essentially  to  increased  permeability  of  the  vessel  wall,  consequent 
upon  the  stimulus  but  arising  in  a  fashion  at  present  unknown,  and  the  rate 
at  which  the  fluid  is  delivered  to  the  tissue  spaces  is  controlled  mainly  by 
the  rate  at  which  blood  flows  through  the  damaged  vessels. 
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»-  I  luid  1'.  Exa,imjles  slfjwuig  the  results  ui  pressing  the  end  ul  a,  tliick  ualled  glass  tube 
lieiivily  into  the  skin  of  the  itormal  arm.  The  pressure  leaves  the  skin  depressed  :  the  tissue 
fluids  have  been  forced  to  the  centre  and  to  the  sides,  producing  an  oedematoiis  circuhir 
patch  of  skin  and  a  little  rampa.rt  of  oedema  bounding  the  outside  of  the  trench. 


Fig.  3.  Subject  3.  The  skin  of  the  back  has  been  stroked  vertically,  and  at  the  same  time 
a  suction  capside  has  been  applied  to  the  skin  at  a  pressure  of  —  SK)  mm.  Hg..  .\t  the  end 
of  i  Jiiinutes  the  cajisule  was  removed  and  the  photograph  taken.  The  sti-oke  has  jiroducecl 
a  full  wheal.  Tlie  margin  of  the  suction  capsule  has  depressed  the  skin,  and  has  induced 
a  trilling  puttiness  of  the  central  skin. 
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Fig.  4.  Subject  3.  The  skin  lias  been  sti-oked  and  a  suc-tion  cajisule  at  onr-e  ajiplied  at  —  70  luni.  Hg. 
over  its  centre.  At  tlie  end  of  3  nuiiutes  tlie  oa])sule  was  removed  and  tlie  i)hotograph  taken. 
Outside  tlie  capsule  area  a  full  wheal  has  risen  ;  where  the  margin  of  the  capsule  has  pressed 
against  the  skin  there  is  no  wheal.  Inside  the  capside  the  wheal  is  greatly  reduced  in  height 
but  is  diffused  and  increased  in  lirea.dth. 


Fig.  5.  Subject  3.  The  skin  has  been  stroked  and  a  pressure  capsule  at  once  applied  at  40  mm.Hg. 
The  capsule  was  removed  at  the  end  of  4  minutes,  and  the  photograph  immediately  taken. 
It  shows  a  full  wheal  above  and  below  the  area  of  pressure  and  a  sliitht  but  perfectly  distinct 
elevation  of  tlie  skin  over  the  line  of  stroke  witliin  the  area  of  the  capsule. 


THE  INFLUENCE  OF  ALCOHOL  ON  THE  ISOLATED  MAMMALIAN 

HEART. 
By  R.  SULZER. 

(With   an    appendix    on    "  The    estimation    of    alcohol   in    blood,"    by 
R.  K.  Cannan  and  R.  Sulzer.) 

{Fro)n  the  Institute  of  Physiology,   University  College,  London.) 

Many  researches  have  been  made  with  a  view  to  ascertaining  the  action  of 
alcohol  on  the  heart,  but  the  conclusions  arrived  at  are  very  contradictory. 
Their  value  is  further  reduced  by  the  fact  that  in  many  cases  perfusion 
fluids  other  than  blood  were  used,  or  that  the  doses  of  alcohol  were  so  great 
as  to  raise  the  concentration  in  blood  to  a  level  that  never  occurs  when 
alcohol  is  taken  by  the  mouth.  None  of  those  who  worked  on  the  influence 
of  alcohol  on  the  heart  seems  to  have  estimated  the  amount  of  alcohol  in 
the  blood  by  chemical  means,  and  this  might  account  for  many  divergencies 
in  their  results. 

Thus  Martin**,  working  with  his  heart-lung  preparation,  found  alcohol 
in  cUlution  of  0-25%  by  volume  (0-2%  by  weight)  to  dilate  the  heart,  and  in 
higher  concentrations  to  reduce  the  output,  whereas  Kochmann^,  when  using 
Bock  and  Hering's  method,  observed  the  fii-st  effect  of  alcohol  in  concentra- 
tions of  0-8%,  but  with  Langendorff's  method  of  heart  isolation  he  found  the 
same  effect  with  0-4%  alcohol.  The  action  of  alcohol,  according  to  him, 
is  to  reduce  the  diastole  as  well  as  the  systole  and  to  diminish  the  height 
of  the  pulse.  Loeb^,  on  the  other  hand,  working  with  Langendorff's  appara- 
tus, comes  to  the  conclusion  that  in  concentrations  of  0-13  to  0-3%  alcohol 
has  a  stimulating  effect  on  the  mammahan  heart  and  that  there  is  no  toxic 
influence  below  1-0%.  The  results  of  Loeb  as  regards  the  stimulating  effect 
of  small  doses  were  confirmed  by  Bachem^,  who  used  Bock  and  Hering's 
method  for  his  experiments.  Dixon^  also  found  an  improvement  in  the  heart 
beat  and  an  increase  in  rate  with  small  doses  of  alcohol,  which  he  ascribes 
to  the  nutritive  action  of  this  substance,  but  in  greater  amounts  than  0-5% 
he  observed  a  diminution  in  the  efficiency  of  the  heart.  As  to  the  reaction 
of  the  coronary  circulation  to  perfusion  with  blood  containing  alcohol,  we 
find  in  the  same  paper  the  statement  that  the  coronary  vessels  behave  in  the 
same  manner  as  the  vessels  of  other  isolated  organs,  i.e.,  that  0-1  to  0-2% 
alcohol  causes  a  very  shght  dilatation,  whereas  with  about   1-0  to  2-0% 
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alcohol  in  the  blood  constriction  first  ensues  followed  later  by  dilatation. 
According  to  Loeb*,  however,  alcohol  does  not  influence  the  coronary 
circulation  below  4-0%. 

Equally  divergent  are  the  deductions  made  as  to  the  action  of  alcohol 
on  the  heart  muscle  from  observations  on  the  reactions  of  the  whole  animal 
when  this  substance  is  administered  by  the  mouth  or  injected  intravenously. 

It  is  evident  that  the  question  must  be  tested,  as  in  the  works  already 
quoted,  on  the  heart  separated  from  the  central  nervous  system,  as  well  as 
from  the  action  of  chemical  stimulants  such  as  adrenaUn.  But — and  this 
is  a  point  not  observed  in  most  of  the  previous  investigations — the  action  of 
alcohol  must  be  tested  on  a  heart  which  is  performing  a  normal  amount  of 
work,  and  in  which  it  is  possible  to  keep  all  the  factors  which  influence 
the  work  of  the  heart,  namely,  the  arterial  resistance,  the  inflow  of  blood, 
the  tem[)erature  of  the  heart,  and  the  rate  of  its  beat,  constant,  apart  from 
any  possible  influence  of  alcohol.  These  conditions  are  fulfiUed  only  by 
the  heart-lung  preparation  where  all  these  factors  are  under  the  control  of 
the  experimenter,  and  the  heart  may  go  on  beating  regularly  for  hours,  at  a 
steady  rhythm,  sending  out  the  same  amount  of  blood  at  each  stroke,  and 
maintaining  a  constant  arterial  pressure.  In  such  a  heart,  as  has  been 
pointed  out  (Patterson,  Piper  and  Starling)^  any  increase  in  the  resistance 
it  has  to  overcome  causes  increased  diastohc  and  systolic  volume  of  the 
ventricles,  provided  that  the  inflow  is  maintained  unaltered.  The  mechanism 
by  which  the  heart  reacts  to  increa.sed  resistance  to  its  contraction  is  by 
increased  dilatation,  the  strength  of  the  contraction  being  a  function  of  the 
diastolic  volume.  Conversely,  if  the  resistance  and  the  venous  inflow  be 
maintained  constant,  any  diminution  in  the  functional  capacity  of  the  heart 
muscle  means  that  the  heart  has  to  start  from  a  greater  diastohc  volume  in 
order  to  maintain  the  same  output  and  pressure  as  it  did  with  a  higher 
functional  capacit}'.  The  heart-lung  preparation  thus  forms  the  best 
possible  object,  as  Magnus  has  recognised^,  for  determining  the  immediate 
effect  of  any  drug  or  drug-hke  substance  on  the  functional  capacity  of  the 
ventricular  muscle,  a  tonic  or  improving  effect  of  the  drug  being  revealed  by 
a  smaller  heart  volume,  while  a  depression  of  the  functional  capacity  will 
be  shown  by  the  heart  taking  up  increased  diastohc  and  systohc  volumes. 
To  alcohol  have  been  ascribed  stimulant  and  depressor  effects  on  the  heart 
muscle.  If  it  is  a  stimulant,  addition  of  small  quantities  of  this  substance 
to  the  circulating  blood,  while  all  the  other  mechanical  conditions  of  the 
preparation  are  maintained  constant,  should  cause  a  diminution  in  the 
volume  of  the  heart,  both  in  diastole  and  systole,  as  is  said  to  be  the  case  for 
strophanthus^.  On  the  other  hand,  a  depressant  effect  would  be  shown  by 
increased  dilatation  of  the  ventricles,  the  dilatation  affecting  both  diastole 
and  systole.  A  still  further  depressor  effect  would  be  marked  by  a  rise  of 
pressure  both  in  the  left  auricle  and  in  the  right  auricle  and  by  a  certain 
diminution  in  the  output  of  the  left  ventricle  at  each  contraction. 
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Method. 

The  experiments  were  made  on  dogs  anaesthetised  with  chloralose. 
As  an  index  of  the  changes  in  heart  action  the  arterial,  venous  and  pulmonary 
pressures  were  recorded  simultaneously.  For  tliis  purpose  the  side  tube  of 
the  cannula  inserted  into  the  innominate  artery  was  connected  with  a 
merciu-y  manometer,  the  excursions  of  wliich  were  recorded  on  a  kymograph. 
Two  other  cannulaj,  one  of  which  was  introduced  into  the  right  auricle 
through  the  inferior  vena  cava,  the  other  into  the  left  auricle  through  the 
corresponding  ajipendix,  were  each  connected  to  water  manometers.  The 
cannulae,  as  well  as  the  rubber  connections,  were  filled  with  saline.  The 
opposite  limb  of  these  manometers  communicated  each  \nth  a  piston  recorder 
which  wrote  the  changes  in  water  level  on  the  kymograph.  The  changes  in 
volume  of  the  heart  were  taken  by  enclosing  it  in  a  Henderson  cardiometer, 
connected  with  a  large  Palmer  piston  recorder,  and  the  output  of  the  heart 
was  determined  by  measuring  the  time  necessary  to  collect  50  or  100  cc.  in 
a  cyUnder. 

In  a  second  scries  of  experiments  the  changes  in  the  coronary  flow 
produced  by  alcohol  were  investigated  by  means  of  the  cannula  devised  by 
Morawitz.  According  to  Evans  and  Starling^  and  Markwalder  and  Starling", 
approximately  three-fifths  of  the  blood  supplying  the  heart  muscle  can  be 
obtained  from  the  coronary  sinus  by  means  of  a  cannula  introduced  into  it. 
The  coronary  output  was  taken  at  intervals  by  measuring  the  time  in  which 
20  cc.  of  blood  escaped  through  the  cannula.  The  output  per  minute 
multipUed  bj'  f;  then  gives  the  total  coronary  flow  per  minute.  In  these 
experiments  the  arterial  and  venous  pressures  only  were  recorded. 

The  alcohol,  10%  by  volume  in  0-9%  sahne,  was  added  from  a  pipette 
to  the  blood  in  the  reservoir  from  which  the  right  auricle  was  supplied. 
Samples  of  about  10  cc.  of  blood  were  taken,  the  first  before  any  alcohol  was 
added,  one  after  the  maximum  effect  of  each  dose  of  alcohol  was  reached,  and 
another  generally  five  to  ten  minutes  later.  The  amount  of  alcohol  in  the 
blood  was  estimated  by  the  method  devised  by  Cannan  and  Sulzer  (see 
Appendix).  The  estimations  of  some  of  the  samples  were  made  on  the  same 
day,  others  were  kept  on  ice  overnight  and  analysed  on  the  following  day. 
The  results  of  the  estimations  are  given  in  per  cent,  alcohol  by  weight. 

EesuUs. 

The  action  of  alcohol  on  the  heart  muscle.  The  effect  invariably  observed 
after  a  sufficient  dose  of  alcohol  is  a  rise  of  the  cardiometer  curve,  i.e., 
dilatation  of  the  two  ventricles.  This  increase  in  volume  of  the  heart  is 
due  to  incomplete  cmpt3ang  at  each  systole  and  to  an  increased  filling  of 
the  ventricles  during  the  following  diastole.  At  the  same  time  the  venous 
and  pulmonary  pressures  show  a  slight  rise.  The  dilatation  of  the  heart 
can  be  observed  with  concentrations  below  01%  and  reaches  a  considerable 
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extent  with  higher  concentrations  of  alcohol.  The  pericardium  was  removed 
which  otherwise  would  limit  the  dilatation.  Thus  in  Fig.  1  b  there  is  a 
slight  but  distinct  rise  of  the  cardiometer  curve  as  compared  with  Fig.  1  a 
at  a  concentration  of  000%,  whereas  in  Fig.  2  we  find  with  0-8%  an  enormous 
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Fig.  1.     jBxpertTOeni  4,  November  13th,  1923.     Dog  7-25  kg.     ,\niesthetic :  cliloralose  072  gm., 
lioartlung  preparation. 


further  dilatation  of  the  heart  already  dilated  from  the  previous  additions 
of  alcohol.  On  increasing  the  amount  of  alcohol  in  the  blood,  the  output 
of  the  heart,  as  measured  directly,  begins  to  diminish,  and  the  heart  beat, 
as  measured  by  the  amplitude  of  the  cardiometer  curve,  decrea.ses.  In 
consequence  a  further  marked  rise  of  pressure  occurs  in  both  the  pulmonary 
veins  as  well  as  in  the  venae  cavse,  and  is  due  to  the  ventricles  being  unable 


ALCOHOL     ON     HEART. 


145 


to  send  out  all  the  blood  they  receive  by  the  corresponding  veins.  The 
output  showed  an  appreciable  decrease,  generally  between  0-3  to  0-4% 
alcohol,  but  in  Experiment  1  (see  Table),  which  is  somewhat  remarkable 
in  this  respect,  the  output  remained  constant,  although  the  alcohol  in  the 
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Fig.  2.      Expennient  2,  November  1st,  1923.      Dog  715  kg.      AntESthetic  :  cliJoralose  0'71  gm. 
heart -lung  preparation. 


blood  reached  0-49%,  while  in  another  case  it  was  found  to  be  chminished 
at  0-2%. 

The  arterial  jjressure  was  only  very  little  affected  in  these  experiments. 
The  fall  of  arterial  blood  pressure,  if  there  was  any,  amounted  only  to  a  few 
mm.  Hg..     A  corresponding  change  of  the  heart's  action  in  an  animal  \vith 
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intact  circulatory  system  would  have  produced  a  considerable  fall  of  pressure 
if  there  were  no  complicating  action  of  alcohol  on  the  blood  vessels.  The 
constancy  of  arterial  jDressure  in  these  experiments  is  simply  due  to  the 
construction  of  the  peripheral  valve-like  resistance  employed  in  the  heart- 
lung  preparation,  which  is  specially  designed  to  maintain  the  blood  pressure 
as  constant  as  possible  in  spite  of  the  variations  in  the  output  of  the  left 
ventricle. 

The  time-relations  of  the  changes  described  vary  widely  with  the  time 
taken  for  the  addition  of  the  dose  of  alcohol.  If  the  addition  is  made  suddenly 
as  in  Fig.  2,  the  cardiometer  curve,  as  well  as  the  pulmonary  and  vena  cava 
pressures,  rise  about  30  seconds  after  the  addition,  reach  their  maximum 
height  from  2  to  3  minutes  after  the  addition,  and  then  begin  to  fall  at  a 
considerable  rate.  This  surprisingly  quick  recovery  is  not  observed  when 
the  dose  of  alcohol  is  added  slowly  within  one  or  two  minutes.  In  this  case 
the  curves  rise  towards  the  end  of  the  addition  of  alcohol,  and  continue 
to  rise  for  6  to  12  minutes  and  then  become  constant.  The  recovery  observed 
in  some  cases  was  only  slight  and  very  gradual.  It  seems,  therefore,  that  the 
sharp  rise  and  immediate  fall  of  the  curves  in  the  case  when  alcohol  is  added 
suddenly  is  due  to  this  substance  reaching  the  heart  at  first  in  high  concen- 
tration but  getting  more  and  more  dilute  as  it  becomes  equally  distributed 
in  the  whole  of  the  blood  in  the  system  and  in  the  tissues  of  the  heart  and 
lungs.  Tills  assumption  is  confirmed  by  the  estimations  of  alcohol  in  the 
blood  at  the  point  when  the  maximum  effect  is  reached  and  after  recovery. 

The  condition  of  the  heart  under  alcohol  is  therefore  the  same  as  occurs 
in  fatigue,  in  so  far  that  in  both  these  circumstances  it  dilates  more  than  an 
unaffected  heart  would  do  when  performing  the  same  amount  of  work.  It  is 
evident  from  this  that  the  power  of  the  heart  to  adapt  itself  to  more  work 
suffers  under  the  influence  of  alcohol.  I  have  obtained  no  evidence  of  any 
stimulating  or  improving  effect  of  alcohol,  even  in  small  doses,  on  the  heart 
muscle.  As  soon  as  any  effect  was  observed  at  all,  it  was  in  the  direction 
of  diminished  functional  capacity. 

Effects  of  alcohol  on  the  coronary  circulation.  In  our  experiments  the 
coronary  flow  always  showed  a  decrease  after  adding  alcohol  to  the  blood, 
wliich  became  perceptible  with  0-1  to  0-2%.  In  Experiment  7,  for  instance 
(see  Table),  the  coronary  flow  diminished  from  72  to  60  cc.  per  second  with 
0-2%  alcohol  but  rose  again  and  reached  the  original  height  of  72  cc.  after 
1 3  minutes.  In  the  same  way  after  the  second  addition  of  alcohol  the  coronary 
flow  came  back  to  72  cc.  per  minute  after  a  fall  to  65  cc.  Other  experiments 
showed  a  decrease  in  flow  of  the  same  nature.  As  to  the  interpretation  of 
these  results,  the  constancy  of  the  arterial  blood  pressure  in  the  heart-lung 
preparation  proved  to  be  of  great  advantage.  It  permits  us  to  exclude  any 
change  of  pressure  as  the  cause  and  suggests  a  direct  constricting  influence 
of  alcohol  on  the  coronary  vessels. 
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The  concentration  of  alcohol  in  blood  was  also  calculated  after  estimating 
the  amount  of  blood  in  the  system.  The  figures  thus  obtained  were  always 
higher  and  on  an  average  39%  above  the  value  found  by  direct  chemical 
analysis.  The  difference  is  probably  due  to  the  tissues  of  the  heart  and 
lungs  taking  up  some  part  of  the  alcohol,  and  it  might  be  significant  in  this 
respect  that  Kochmann^  found  a  lower  concentration  to  be  active  when  using 
Langendorff's  apparatus  than  in  his  experiments  with  Bock  and  Hering's 
method,  where  the  heart  remains  in  the  thoracic  cavity  and  the  circulation 
through  the  lungs  is  left  intact.  This  is  not  to  be  understood  as  indicating 
elimination  of  alcohol  by  the  lungs,  but  to  these  organs  taking  up  some 
part  of  the  alcohol.  Although  ehmination  of  alcohol  through  the  lungs 
undoubtedly  takes  place,  this  process  .seems  to  be  so  slow  that  it  could  not 
account  for  the  difference  in  the  active  concentration  observed  by  Kochmann 
with  the  two  methods. 

Dixon^,  in  his  paper  on  the  action  of  alcohol,  ascribes  the  rise  in  blood 
pressure,  which  he,  like  other  workers,  observed  after  small  doses  of 
alcohol,  to  an  increased  efficiency  of  the  heart.  My  experiments  never 
showed  anything  which  might  be  explained  by  an  improvement  of  the 
heart's  action.  Even  if  we  assume  that  alcohol  can  act  as  a  source  of  energy 
to  the  heart  muscle,  this  action  would  not  produce  any  effect  on  the  beat 
of  a  heart  supphed  with  blood,  as  this  already  contains  a  sufficient  amount 
of  foodstuffs.  It  is  therefore  concluded  that  the  rise  in  blood  pressure 
observed  after  small  doses  of  alcohol  (even  if  such  small  doses  have  any 
direct  influence  on  the  heart)  cannot  be  due  to,  but  occur  in  spite  of,  the 
action  of  alcohol  on  the  heart. 
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These  experiments  thus  confirm  and  extend  the  observations  made 
as  long  as  forty  years  ago  by  Martin^,  who  certainly  worked  with  more 
primitive  methods  that  are  at  present  at  our  disposal.  As  his  paper  on  the 
action  of  ethyl  alcohol  on  the  dog's  heart  is  to  be  found  in  a  few  science 
libraries  only,  the  most  important  passage  from  this  work  is  quoted  here. 

"  The  action  of  alcohol  administered  in  the  manner  and  doses  above 
described  is,  without  primarily  altering  the  force  of  the  heart  beat,  to  alter 
its  character,  so  that  the  ventricular  cavity  is  not  obliterated  at  the  end  of 
systole  and  less  so  the  longer  the  alcohol  has  been  administered.  At  first 
this  incomplete  systole  is  compensated  for  by  a  more  extensive  diastole,  so 
that  the  difference  between  the  capacity  of  the  ventricle  in  complete  diastole, 
and  that  in  complete  systole  remains  the  same  as  when  the  organ  was 
normally  beating.  Consequently,  the  quantity  of  blood  pumped  out  at  each 
beat  remains  as  great  as  before.  If  the  heart  be  confined  in  the  pericardium 
it  soon,  however,  ceases  to  have  room  to  swell  during  diastole  to  a  size 
sufficient  to  compensate  for  its  incomplete  systole  ;  and  thenceforth,  as  the 
swelling  increases  the  difference  between  systolic  and  diastolic  capacity 
becomes  less  and  less.  As  the  necessary  result,  the  quantity  of  blood  pumped 
round  by  the  organ  is  proportionally  diminished.  Removal  of  the  peri- 
cardium prevents  this  result,  at  least  for  a  considerable  time."  A  remarkable 
anticipation  of  tlie  results  of  more  recent  work. 

APPENBIX.— THE   ESTIMATION   OF   ALCOHOL   IN   BLOOD. 

BY  R.  KEITH  CANNAN  (BEIT  MEMORIAL  RESEARCH  FELLOW)  AND  R.  SULZER. 

The  method  for  the  estimation  of  alcoliol  in  blood  \vlii<-li  appeare  to  have  achieved  most 
favour  is  that  of  Pringsheim'-. 

A  weighed  amount  of  blood  is  distilled  under  reduced  pressure,  tlie  distillate  condensed  by 
ice-cold  water  is  treated  with  a  measured  volume  of  standard  potassium  dichroinate  in  acid 
solution  at  100°C.  for  one  hour  in  a  closely  stoppered  bottle,  and  tlie  unreduced  potassimn 
dichroniate  is  titrated  with  standard  ferrous  aminoniiun  sulphate.  We  found  the  method 
troublesome  and  tedious.  Distillation  of  sueli  a  fluid  as  blood  involves  much  frothing  and  requires 
constant  control,  whilst  the  titration  demands  the  use  of  an  outside  indicator  whose  end-point 
only  becomes  precise  with  experience.  The  method,  again,  is  not  adaptable  to  very  small  amounts 
of  alcohol. 

The  method  that  we  have  employed  relies  on  the  same  principles,  but  a  modification  of 
apparatus  and  technique  has  yielded  a  considerable  economy  of  time  and  an  iodometric  titration 
has  made  possible  the  determination  of  very  small  amounts  of  alcohol. 

Metlwd.  A  known  volume  of  blood  is  delivered  directly  on  to  two  or  three  times  its  weight 
of  anhydrous  sodium  sulphate,  which  is  distributed  over  the  bottom  of  the  distilling  vessels. 
Tliis  is  placed  in  a  water  bath  at  40-50°C',  and  evacuated  through  a  tube  containing  a  known 
voliune  of  standard  potassium  dichroniate  and  an  equal  volume  of  strong  sulpfiuiic  acid  (the 
nitrogen  free  sulphuric  acid,  B.D.H.,  was  found  satisfactory  as  it  contained  an  inappreciable 
amount  of  o.^idisable  matter).  The  distillation  is  allowed  to  proceed  for  15-25  minutes  with  tlie 
pump  running,  the  vacuum  is  then  broken  by  opening  the  capillarj-  inlet  of  the  distilling  flask 
and  the  absorption  tube  disconnected.  The  contents  are  washed  into  a  flask  with  sufficient  water 
to  dilute  the  sulphuric  acid  to  less  than  5%,  excess  of  10%  potassium  ioiUde  solution  is  added 
and  the  liberated  iodine  titiated  with  standard  sodium  tliiosulphate  and  starch  in  the  usual  way. 
This  titration  subtracted  from  the  thiosulphate  titre  of  the  volume  of  potassium  dichroniate 
used  gives  the  amount  of  the  latter  required  to  oxidise  the  alcohol,  and  from  the  factor 
(IccN/lOKjCr^O;  =  1-15  mgms.  alcohol)  the  amount  of  alcohol  may  be  directly  obtained. 

Remarl-s.  The  amount  of  anhydrous  sodiiun  sulphate  used  should  be  such  as  to  give  a 
semi-liquid  mass  ■with  the  blood.  Comjjlete  drying  of  the  blood  by  excess  of  salt  might  involve 
some  retention  of  alcohol.    Using  this  anti-frothing  device  distillation  is  facilitated  and  the  volume 
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of  tlie  distilling  vessel  may,  in  the  case  of  5  cc.  of  blood,  be  safely  refhiced  tol00-200cc..  "  Pure 
dry  sodium  sulphate  "  may  bo  used  w  ith  confidence.  The  principle  that  50%  sulphuric  acid 
completely  absorbs  alcohol,  and.  with  the  simultaneously  presence  of  potassium  dichromate, 
oxidises  it  almost  instantaneously  (o  acetic  acid,  explains  its  complete  retention  even  in  a  \-acmuTi. 
This  is  emphasised  v  hen  cuie  notes  that  a  dilute  solution  of  alcohol  Juay  bo  estimated  by  direct 
addition  from  a  pipetto  to  such  an  oxidising  mixture  even  if  it  be  at  a  temperature  above  tlie 
boiling  point  of  alcohol. 

Since  the  adoption  of  this  method  it  has  been  found  that  sucli  oxidising  mixtures  have  been 
in  use  for  many  years  in  some  industrial  laboratories  for  the  determination  of  alcoholic  liquors'". 
For  tliis  rea.son  it  \vo\dd  not  appear  to  be  necessary  to  do  inore  than  say  that  each  step  in  our 
method  has  been  carefully  controlled  and  foimd  satisfactory.  It  is  to  be  noted,  however,  that  it  is 
necessarj-  that  the  strong  sulphuric  acid  be  added  to  the  potassium  dichromate  slowly  and  with 
carefvd  cooling,  as  other\vise  the  heat  of  reaction  may  result  in  reduction  of  a  small  proportion 
of  the  latter  to  the  chromium  salt.  As  a  further  check  we  have  always  standardised  the  thio- 
sulphate  solution  against  dichromate  solution  which  has  been  inLxed  with  acid  in  the  above 
mamier  and  then  diluted  to  a  concentration  of  5  %  of  sulphuric  acid. 


AciC  DlCHROMATt 
MIXTURE. 


Blood  a,.i  Na.SO^ 


In  the  diagram  (Fig.  3)  is  represented  a  self-contained  system  of  distilling  bulb  and  absorption 
tube  designed  for  ease  of  manipidation  and  economy  of  time  and  space.  The  loose-fitting  spiral 
eliminates  splashing  of  the  \'iscous  oxidising  mixture  during  evacuation — a  requirement 
necessitated  by  a  reduction  to  the  minimum  of  the  volume  of  the  absorption  bulb. 

The  values  obtained  for  the  "  alcohol  "  of  fresh  human  and  dog's  blood  by  this  method  have 
been  of  the  same  order  as  those  recorded  in  the  literature",  namely,  2.5  —  4  mgms.  per  cent.  It 
may  be  remarked  that  these  values  for  what  we  prefer  to  call  the  '"  volatile  carbon  "  of  the  blood 
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are  only  slightly  greater  than  would  be  given  if  it  consisted  only  of  the  volatile  ketones  (acetone), 
whose  concentration  has  been  frequently  determined. 

It  is  believed  that  the  method  described  provides  a  rapid  method  for  the  estimation  of  alcohol 
in  biological  fluids  generally,  in  which  the  presence  of  other  volatile  oxidisable  compounds  may 
be  ignored.  Titration  may  be  made  with  deci-normal  or  with  hundredth  normal  thiosulpliate  or 
with  even  weaker  solutions,  allowing  determination  of  as  little  as  01 — 0-5  mgms.  of  alcohol. 

Summary. 

1.  Provided  that  the  temperature,  arterial  resistance  and  venous 
inflow  be  maintained  constant,  the  action  of  drugs  on  the  functional  capacity 
of  the  heart  muscle  is  revealed  in  the  heart-lung  preparation  by  a  change 
in  the  systolic  and  diastolic  volumes  of  the  ventricles,  an  improvement  being 
shown  by  diminution,  an  impairment  by  an  increase  in  these  volumes.  The 
worse  the  physiological  condition  of  the  heart,  the  greater  must  be  its  initial 
or  diastoUc  volume  in  order  to  carry  out  a  given  task,  viz.,  the  expulsion 
of  a  given  amount  of  blood  against  a  given  resistance. 

2.  Judged  by  this  criterion  there  is  no  evidence  of  any  stimulant 
effect  of  alcohol  on  the  heart  in  any  doses.  With  concentrations  of  alcohol 
in  the  blood  as  low  as  006%,  the  only  effect  observed  is  an  increase  in 
diastolic  and  systohc  volumes,  and  this  effect  becomes  more  and  more 
marked  as  the  concentration  of  alcohol  in  the  blood  is  increased.  The  action 
of  alcohol  on  the  heart  muscle,  as  soon  as  any  effect  whatever  is  produced,  is 
thus  purely  depressant. 

3.  With  higher  amounts  of  alcohol,  such  as  0-3  or  0-4%,  there  is  a 
diminution  in  the  output  of  the  heart,  and  a  considerable  rise  in  venous  as 
well  as  pulmonary  pressure. 

4.  In  concentrations  of  01  to  0-2%  onwards,  alcohol  causes  the  coronary 
vessels  to  constrict  and  to  reduce  the  coronary  flow. 

5.  A  method  is  described  for  the  rapid  and  accurate  determination  of 
alcohol  in  small  quantities  of  blood. 

I  wish  to  express  my  indebtedness  to  Professor  Starling  for  his  help 
and  advice  throughout  this  investigation. 

REFERENCES. 
'     Bachem.     Archiv.  int.  Pharmacol,  et  Therap.,  1905,  xiv,  iZl. 

-     BiJLSMA  AND  RoESSiNGH.    Axchiv.  f.  exp.  Pathol,  u.  Pharmacol.,  1922,  xciv,  235. 
'     Dixon.     Journ.  of  Physiol.,  1906-7,  xxxv,  346. 
■*     Evans  and  Starling.     Journal  of  Physiol.,  1913,  xlvi,  413. 
'     KocHMANN.     Archiv.  int.  Pharmacol,  et  Therap.,  1904,  xiii,  329. 
"     LoEB.     Archiv.  exper.  Pathol,  u.  Pharmacol.,  1905,  lii,  459. 
'     Maskwaxder  and  Starling.     Journ.  of  Physiol.,  1913,  xlvu,  275. 
*     Martin  and  Stevens.     "  Studies  from  the  Biological  Laboratory  of  the  Johns  Hopkins 

University,"  1883,  ii,  477. 
'     Patterson,  Piper  .and  Starling.    Journ.  of  Physiol.,  1914,  xLvm,  4G3. 

.\PPENDIX. 
'"     Martin.     Rev.  intern.  Falsif.,  1904,  xvii,  48. 
"     Mellanby.     Med.  Res.  Com.  Spec.  Rep.,  1919,  Series  No.  31. 
12     pRtNGSHEiM.     Biochem.  Zeitsch.,  1908,  xii.  143. 


STUDIES  OF  CAPILLARY  PULSATION,  WITH  SPECIAL  REFER- 
ENCE TO  VASODILATATION  IN  AORTIC  REGURGITATION 
AND  INCLUDING  OBSERVATIONS  ON  THE  EFFECTS  OF 
HEATING   THE   HUMAN   SKIN.* 

By  THOMAS  LEWIS.f 

(With  appended  notes  on  skin  temperature,  in  collaboration  with 
Dr.  E.  P.  Wolf,  of  Chicago.) 

( From  the  Cardiac  Department,  University  College  Hospiial  Medical   School, 

London.) 


Preliminary  remarks  upon  the  effects  of  heat  on 
the  human  skin. 

If  the  hand  of  a  young  subject  is  soaked  in  hot  water  for  3  minutes  at  a 
temperature  of  between  45  to  A1°C  the  part  immersed  becomes  of  a  bright 
red  colour,  and  this  reddening  is  maintained  for  from  a  few  minutes  to 
even  an  hour  or  more  after  withdrawing  the  heat.  The  temperature  u.sed 
is  that  which  begins  to  produce  stinging  of  the  skin,  a  point  which  does 
not  vary  greatly  from  subject  to  subject.  In  the  human  skin  this  colour 
reaction  to  heat  can  be  shown  to  be  at  least  of  two-fold  origin. 

First  method.  The  circulation  to  the  arm  is  occluded  by  placing  a  broad 
armlet  on  the  upper  arm  and  pumping  it  to  200  mm.  Hg.,  previously  allowing 
a  Uttle  blood  to  collect  in  the  veins.  The  lower  part  of  the  forearm  and  hand 
is  now  soaked  in  hot  water  at  43'^C.  for  3  minutes.  It  is  necessary  to  use  a 
temperature  slightly  below  that  which  stings  the  arm  when  the  circulation 
is  intact  ;  otherwise  the  heat  becomes  intolerable  as  the  soaking  proceeds, 
presumably  because  the  skin  is  not  cooled  internally  by  circulating  blood. 
The  arm  should  be  held  absolutely  still  in  the  water.  At  the  end  of  3  minutes, 
and  before  releasing  the  circulation,  the  skin  is  seen  to  be  cyanosed  and  the 
soaked  area  to  be  of  a  darker  colour  than  the  unsoaked  area,  there  being 
often  a  fairly  sharp  line  of  demarcation  between  heated  and  unheated  sur- 
faces. This  observation  shows  that  the  heat  dilates  those  small  vessels,  such 
as  capillaries  and  minute  venules,  which  are  responsible  for  skin  colour. 

*  The  matter  of  this  paper  was  collected  lor,  and  discussed  in,  the  Sidney  Ringer  Lecture 
at  University  College  Hospital  Medical  School,  on  March  6th,  1924. 
t  Working  on  behalf  of  the  Medical  Research  Council. 
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Second  method.  An  armlet  is  placed  on  the  upper  arm  and  pumped  to 
70  mm.  Hg.,  and  the  forearm  is  half  immersed  and  held  quite  still  in  water 
at  about  45''C.,  for  3  minutes.  On  examining  it  at  the  end  of  this  time,  the 
unheated  skin  is  seen  to  be  cyanotic,  while  the  heated  skin  is  of  a  bright  red 
colour,  departing  little  from  that  of  heated  skin  in  which  venous  pressure 
has  not  been  rai.sed.  The  Hne  between  heated  and  unheated  areas  is  sharply 
defined  by  the  colour  reaction.  To  account  for  the  absence  of  cyanosis  in  the 
heated  skin  it  is  necessary  to  assume  that  the  blood  flows  through  it  quicker. 
Simple  dilatation  of  the  capillaries  and  minute  venules,  such  as  is  produced 
by  suction,  flushes  the  skin,  but  this  flush  soon  acquires  a  blue  tinge,  the 
more  so  if  venous  pressure  has  been  raised  simultaneously,  for  in  these 
circumstances  the  blood  passes  slowly  through  the  skin.  The  bright  colour 
of  the  heated  skin  in  our  present  experiment  can  be  accounted  for  only  if,  in 
addition  to  raised  venous  pressure,  there  is  a  dilatation  on  the  arterial  side. 
This  dilatation  is  evidently  arteriole  in  so  far  as  responsibility  for  redness 
of  the  skin  is  concerned,  since  the  red  skin  is  sharply  marked  off  from  the 
blue  at  the  water  hne  and  because  it  can  be  produced  by  very  local  heating. 
When  the  forearm  and  hand  are  heated,  dilatation  of  some  at  least  of  the 
main  arteries  of  the  Umb  occurs  ;  thus,  the  volume  of  the  digital  pulse  is 
increased  ;  conceivably  this  dilatation  of  main  arteries  also  plays  a  small 
part  in  reddening  the  hand.  Visible  expansion  of  a  larger  artery,  in 
response  to  heat  apphed,  is  best  displayed  by  the  superficial  temporal 
vessel. 

The  reddening  of  the  hand  exposed  to  temperatures  of  45-47°C.  is  a 
direct  action  and  independent  of  the  nerves.  If  a  patch  of  skin  an  inch 
in  diameter  is  rendered  anaesthetic  by  the  subcutaneous  injection  of  2% 
novocaine,  and  the  whole  arm  is  then  immersed  and  held  in  water  as  hot 
as  can  be  borne  mthout  actual  discomfort  (4.5-47*^0.)  for  three  minutes, 
at  the  end  of  this  time  the  anaesthetic  skin  cannot  be  recognised  by  its  colour. 
(Observations  on  three  subjects.)* 

Thus  reddening  of  the  human  skin  on  exposing  it  to  moist  heat  at 
45-47''C.  is  a  local  reaction,  and  due,  mainly  at  all  events,  to  arteriolar 
dilatation  ;  the  depth  of  skin  colour  is  increased  by  simultaneous  and 
independent  dilatation  of  the  capillaries  and  small  venules. t 

Effect  of  higher  temperatures.  Continued  immersion  at  temjieratures 
appreciably  higher  than  those  cited  is  not  possible,  since  such  immersion 
is  intolerably  painful.  To  test  the  effects  of  higher  temperatures,  a  test 
tube   is   filled  with   boiUng   water   and   is    brought  into  contact   with  the 

*  It.  is  to  be  stated  chat  the  local  injection  itself  often  reddens  the  skin  a  little,  thus 
complicating  the  result.  I  have  since  repeated  the  observation  upon  a  case  of  long  standing 
division  of  the  ulnar  nerve.  On  heating  the  hand,  the  insensitive  skin  was  not  recognisable 
from  the  sensitive,  both  being  of  the  same  bright  red  colour. 

t  Bnins  and  Konig^  have  examined  the  human  skin,  refldened  by  a  temperature  of  42°C'., 
and  have  noted  increased  flow  in  the  capillaries,  widening  of  the  subcutaneous  veins  and  pulsation 
of  the  digital  arteries.  Carrier'  has  shown  that  heat  dilates  the  capillaries  and  increases  the  rate 
of  flow  through  them- 
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skin  a  number  of  times  for  short  periods.  The  reaction  to  this  stimulus 
is  best  displayed  by  previously  congesting  the  arm  at  70  mm.  Hg.  until  it 
becomes  cyanosed  ;  the  skin  reaction  to  heat  is  then  seen  as  a  bright  red 
patch  on  a  bluish  surface,  iucUcating  arteriolar  cUlatation.  Heat  so  applied 
produces  pain,  and  is  followed  by  a  spreading  reaction,  the  skin  eventually 
reddened  being  many  times  in  area  that  of  the  skin  actually  heated,  having 
an  irregular  outUne,  and  affecting  often  outlying  islets  of  skin.  The 
distribution  of  this  reaction  at  once  suggests  its  reflex  origin,  and  this  is 
easily  shown  if  the  test  is  repeated  on  skin  locally  anaesthetised  by  sub- 
cutaneous novocaine.  A  small  area  is  anaesthetised  and  this  is  reddened 
where  the  hot  tube  has  touched  it ;  spread  to  distant  parts  of  the  skin  does 
not  occur.     (Observations  on  two  subjects.*) 

Capillary  pulsation  as  a  normal  phenomenon. f 

Amongst  phenomena .  originally  described  by  clinicians  as  physical 
signs  of  disease,  and  consequently  regarded  as  essentially  morbid,  very 
many  have  afterwards  been  recognised  to  occur  in  perfectly  healthy  people  ; 
it  would  not  be  difficult  to  draw  up  an  imposing  hst  in  illustration  of  this 
statement.  It  must  be  said  that  for  the  most  part  such  phenomena  appear 
in  a  more  or  less  hmited  number  of  healthy  people  or  in  special  physiological 
circumstances.  Thus  the  "  extensor  response  "  in  infants,  and  "  respiratory 
arrhythmia"  in  children,  is  normal.  The  "tache  cerebral"  is  the  normal 
reaction  of  young  and  sensitive  skins  to  stroking,  so  also  is  whealing  of  the 
skin  in  response  to  heavier  or  repeated  stroking.  Systohc  murmurs  are 
normal  and  almost  usual  over  hearts  accelerated  by  exercise  ;  the  "  pulsus 
paradoxus,"  as  originally  defined,  is  the  usual  and  physiological  reaction 
of  blood  pressure  to  breathing  in  the  resting  subject.  The  erroneous 
categorisation  of  such  natural  jihenomena  is  brought  about  by  a  faulty 
habit  of  mind  which  is  content  to  associate  symptoms  and  signs  with 
particular  diseases,  without  attempting  further  to  analyse  causation  ; 
it  is  a  postponed  and  more  intimate  study,  a  belated  comparison  of  the 
disease  mth  controls,  the  last  in  sufficient  numbers  and  under  varjdng 
physiological  conditions,  which  brings  us  more  correctly  to  interpret  the 
manifestations  in  question. 

It  may  not  be  precisely  true  to  state  that  capillarj-  pulsation  is  to-day 
generally  regarded  as  a  positive  indication  of  reflux  at  the  aortic  valves  ;  it 
is  certainly  true  to  state  that  this  correlation  between  a  phenomenon  of 
skin  or  mucous  membrane  on  the  one  hand  and  a  defective  valve  on  the 

*  Krogh"  briefly  refers  to  some  vmpublished  observations  with  Rehberg  on  the  rabbit's 
ear  and  states  t  hat  they  have  found  that  heat  produces  dilatation,  in  part  by  a  local  mechanism 
and  in  part  reflexly.  The  temperature  mentioned  is  50°C..  Ricker  and  Regendanz'*  had 
previously  shown  that  dijiping  the  upper  tliird  of  a  rabbit's  ear  in  water  at  .52''C.  produces  widening 
of  the  arteries  and  oedema,  and  that  the  vessels  in  the  base  of  the  ear  are  also  widened.  Effects 
of  burning  heat  on  the  skin  will  be  more  fully  described  in  a  future  paper. 

t  .V  preliminary  aeooimt  of  these  observations  \\.as  been  published  in  the  Proc.  Physiol. 
Soc.,  December  loth,  1923, 
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other,  is  the  only  clear  impression  in  regard  to  the  sign  which  is  possessed 
by  the  vast  majority  of  medical  men.  Yet,  as  may  be  shown,  capillary 
pulsation  as  we  witness  it  chnically  is  wholly  unreliable  as  a  sign  of  aortic 
regurgitation  and  depends  more  upon  strictly  local  conditions  than  upon 
any  change  of  general  arterial  blood  pressures  arising  out  of  a  damaged 
valve. 

Some  years  ago  I  examined  the  lips  of  35  subjects,  ranging  in  age  from 
20  to  40  years  and  free  from  cardiovascular  disease,  and  found  capillary 
pulsation  to  be  perceptible  in  17  of  these.  These  observations  were  made 
during  the  colder  months  of  the  year,  a  fact  not  without  relevance.  Had  all 
these  subjects  been  warm  when  examined,  and  many  were  not,  the  percentage 
incidence  would  have  been  greater.  In  this  series  the  phenomenon  was 
quite  unrelated  to  pulse  pressure,  gauged  in  the  arm  in  all  instances.  Usually 
the  pulsation  was  sUght  and  required  carefully  graded  pressure  with  a  glass 
slide  to  elicit  it  ;  in  a  few  it  was  very  distinct  and  could  be  seen  at  almost 
any  pressure.  Recently  I  have  examined  five  normal  men  lying  quietly 
in  a  room  whose  temperature  was  20°C.  ;  distinct  pulsation  in  the  lip  was 
present  in  all,  and  in  all  it  could  be  seen  also  in  several  parts  of  the  facial 
skin.  In  six  similar  subjects  lying  in  a  room  at  17°C.  there  was  also  no 
exception  either  so  far  as  lij^s  or  facial  skin  was  concerned.  I  have  seen 
capillary  pulsation  so  often  in  the  face  of  out-patients  that  the  Ust,  expressed 
in  terms  of  disease,  has  become  entirely  meaningless. 

In  the  hands  the  pulsation  is  less  frequent,  though  by  no  means  rare, 
the  parts  displa;^ing  it  are  usually  the  pads  of  the  fingers,  or  these  and  other 
parts  of  the  skin,  such  as  that  behind  the  bed  of  the  nail  or  over  the  thenar 
and  hypothenar  eminences.  Frequently  I  have  found  it  in  my  own  fingers 
and  in  those  of  my  friends,  especially  so  while  sitting  near  a  fire.  In  this 
connection  it  will  be  remembered  that  Quincke^' noticed  centripetal  pulsation 
in  the  veins  on  the  back  of  his  own  hands  in  similar  circumstances.  Capillary 
pulsation,  whether  it  be  in  the  hps  or  hands  of  normal  people,  is  much  more 
frequently  found  in  children  and  young  adults  than  in  those  more  advanced 
in  years  ;  its  obvious  connection  with  warmth  of  the  hand  led  me  to  search 
the  influence  of  temperature  systematically.  The  hand  is  fir.st  examined 
before  heating  it,  a  glass  plate  being  pressed  against  the  pads  of  the  fingers, 
over  the  eminences  of  the  palm,  over  the  skin  behind  the  nail  bed,  over  the 
knuckles,  and  dorsal  surface  of  the  metacarpus.  It  is  then  laid  in  water  as 
hot  as  may  be  borne  for  three  minutes.  This  temperature,  enough  to  -sting 
the  hand,  lies  almost  always  between  45  and  47*^0..  The  hand  is  dried  and 
at  once  re-examined.  Capillary  pulsation  is  then  generally  to  be  seen  in  it. 
If  it  is  found  only  on  close  inspection,  and  then  usually  confined  to  the  pads 
of  the  fingers,  the  phenomenon  is  marked  "  sHght  "  in  Table  I.  If  it  is  quite 
distinct  in  the  finger  tips  and  sHght  in  a  few  other  parts  of  the  hand,  such 
as  the  thenar  or  hypothenar  eminences,  it  is  marked  -f  in  the  table.  If  it 
is  distinct  or  vivid  in  the  finger  tips,  and  if  it  occurs  also  distinctly  over  the 
whole,  or  over  many  parts,  of  the  heated  skin  on  the  palms  and  dorsal  surface 
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TABLR  I. 
Reaction  of  hand  to  hot  water  at  45  to  iT'C.  for  3  minutes. 


Blood  pressure. 

Capillary 
pulsation. 

Tulse 
pressure. 

No. 

Age. 

syst.      j   diast. 

1 

17 

+  4- 

135 

95 

40* 

2 

19 

+  + 

110 

75 

35* 

3 

23 

+  + 

126 

86 

40 

4 

24 

+  + 

130 

85 

45» 

5 

25 

+  + 

115 

80 

35 

6 

25 

+  + 

138            95 

43 

7 

27 

+  + 

125            90 

35* 

8 

29 

+  + 

130           100 

30 

0 

30 

+  1- 

118            90 

28 

10 

31 

+  + 

1 35        i    85 

50 

11 

32 

+  -I- 

115        '    85 

30 

12 

34 

+  + 

104        1    70 

34 

13 

35 

+  + 

138            90 

48* 

14 

35 

+  -I- 

115            85 

30 

15 

38 

+  + 

118            85 

33* 

16 

38 

•   si. 

115        1    85 

30 

17 

39 

+ 

135       1    85 

50 

18 

41 

+ 

118            85 

33 

1» 

42 

+ 

127            88 

39 

20 

43 

+  + 

1 24            85 

39 

21 

43 

si. 
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43 

22 

40 

+ 

132           87 

45 

23 

46 

si. 

135           90 

45 

24 

46 

si. 

124        t    95 

29 

25 

46 

0 

1 25            95 

30 

26 

52 

+ 

145           100 

45 

27 

53 

si. 

125        1    85 

40t 

28 

56 

si. 

136            87 

49  r 

29 

57 

4- 

1 25        1    75 

50  r 

30 

57 

0 

125        1    90 

35 

31 

57 

+ 

145        ,    95 

50 

32 

60 

+ 

145            90 

,55t 

33 

60 

+ 

140            90 

50 

34 

60 

+  + 

138            95 

43* 

35 

(il 

0 

140           100 

40 

36 

61 

0 

1 20            95 

25 

37 

74 

0 

105        1    55 

50  i- 

38 

76 

0 

148        1    92 

56t 

39 

84 

.si. 

12 1           95 

29 

of  hand  and  fingers  it  is  marked  +  +  in  the  table.  In  the  last  columns  of 
the  table,  the  blood  pressures  are  given  and,  with  one  possible  exception, 
these  are  normal.  Between  the  appearance  of  capillary  pulsation  in  the 
heated  hand  and  the  pulse  pressure  no  relation  is  here  shown  ;  but  there  is 
an  obvious  though  not  wholly  constant  relation  to  age.  Those  who  range 
from  17  to  35  years  display  capillary  pulsation  most  fully  and  with  much 
uniformity  in  its  degree.  As  age  advances  into  and  beyond  the  forties  it 
becomes  less  evident  than  in  young  people  and  many  instances  are  found 


*  Pulsation  present  in  one  or  more  finger  tips  before  heating. 

t  Patients,  mainly  surgical,  admitted    for   maladies  unconnected  with  the  cardiovascular 
system. 
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in  which  it  is  but  slight  and  confined  to  the  finger  tips,  or  in  which  it  is 
altogether  absent.  A  single  exception  to  the  rule  that  distinct  and  wide- 
spread pulsation  fails  to  appear  after  45  years  was  observed  in  an  active  man 
aged  60.  The  occurrence  of  capillary  pulsation  in  the  hand  when  it  is  heated 
is  evidently  consequent  upon  a  local  change  ;  and  is  inevitably  attributed  to 
dilatation  of  the  blood  vessels.  The  constancy  of  the  reaction  in  young 
people,  and  its  inconstancy  in  the  more  elderly,  indicates  that  in  the  latter 
dilatation,  or  at  least  sufficient  dilatation  of  the  particular  vessels  involved 
to  produce  capillary  pulsation,  does  not  occur  on  heating,  and  further 
suggests  that  those  vessels  are  incapable  of  expansion,  relatively  or  absolutely. 
The  idea  is  put  forward  that  the  appearance  or  non-appearance  of  capillary 
pulsation  in  the  circumstances  described,  may  serve  to  test  the  condition  of 
the  vessels  in  question.  Although  most  of  my  observations  have  been  upon 
the  skin  of  the  hand,  they  have  not  been  confined  to  it ;  in  young  people 
capillary  pulsation  if  not  already  present  may  be  elicited  with  ease  in  the 
lips  and  in  the  skin  of  the  forehead,  cheeks,  foot,  and  in  other  parts,  by 
sufficient  bathing  with  hot  water. 

As  to  the  vessels  involved,  the  matter  is  easy  to  test  in  the  case  of  the 
hand.  Dilatation  of  the  main  arteries  of  the  limbs  plays  little  or  no  part. 
Thus,  if  the  whole  arm  be  laid  in  a  hot  bath,  with  the  hand  or  the  fingers 
projecting  above  the  water  level,  capillary  pulsation  is  not  induced  in  the 
unimmersed  fingers,  although  the  volume  of  the  radial  and  ulnar  pulses 
may  be  noted  to  be  increased.  If  the  arm  and  hand  are  immersed  with 
the  exception  of  the  last  joints  of  several  fingers,  so  that  the  main  arteries 
of  the  hand  and  fingers  are  likewse  influenced  by  the  heat,  pulsation  is  not 
jjroduced  in  these  finger  tips  ;  the  last  test  is  sometimes  complicated,  however, 
by  the  appearance  of  coldness  and  pallor  of  the  finger  tips,  a  reaction  which 
may  be  of  a  reflex  kind  but  is  more  probably  due  to  a  mechanical  divertion 
of  the  blood  from  them.  If  the  wrist  is  flexed  and  the  hand  immersed  alone 
with  the  dorsum  downwards,  so  that  the  finger  tips  are  again  unheated, 
or  if  a  finger  is  flexed  and  alone  immersed  with  its  tip  projecting,  coldness 
or  pallor  of  the  end  of  the  cUgit  is  not  noticed  subsequently,  and  pulsation 
is  confined  to  the  submerged  parts  of  the  skin  ;  nevertheless  in  these  tests 
the  digital  arteries  are  perceptibly  widened.  If  the  last  phalanx  of  a  finger, 
or  no  more  than  the  pad  of  a  finger,  is  cUpped  in  the  water,  pulsation  appears 
in  the  part  heated.  The  area  which  it  is  necessary  to  heat  is  very  small ; 
thus  when  a  beam  of  unfiltered  light,  sufficient  just  to  sting,  is  allowed  to 
fall  on  the  skin  above  the  bed  of  the  nail  for  a  few  minutes,  being  confined 
to  10  or  more  square  millimetres  of  the  surface,  the  skin  throbs  perceptibly 
to  the  subject  and  cajiillary  pulsation  appears  in  this  small  area.  It  is 
clear,  therefore,  that  the  vessels  involved  are  amongst  the  smallest  which 
supply  the  skin.  That  those  capillaries  and  minut«  vessels,  which  together 
yield  skin  colour,  do  not  i^rimarily  determine  pulsation  is  shown  by  the 
absence  of  the  last  from  skin  which  is  pink  or  red  in  response  to  cold, 
and  from  the  skin  of  middle-aged  or  elderly  subjects  in  whom  capillary 
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pulsation  fails  to  appear  on  heating  ;  for  in  the  latter  the  skin  may  be 
well  reddened  by  the  heat.  It  is  evident  that  the  vessels  determining  the 
reaction  are  the  arterioles  of  the  skin. 

These  observations  show  how  capillary  pulsation  may  be  induced  in  very 
small  areas  of  the  skin  artificially  ;  comparable  instances  are  found  in 
pathological  contUtions  presently  to  be  instanced.  It  may  be  stated  as  a 
general  law  that  when  normal  blood  pressures  prevail  in  the  main  vessels 
supplying  an  area  of  skin,  a  sufficient  dilatation  of  the  smaller  vessels  on  the 
arterial  side  \vill  always  occasion  capillary  pulsation  in  the  presence  of  open 
capillaries  and  venules.  Tliis  generahsation  is  justified  by  the  observations 
detailed  already  and  by  those  which  come  later.  The  qualification  "  open 
capillaries  and  venules  "  is  necessary.  Unless  the  skin  has  some  flush  of 
colour  in  it,  capillary  pulsation  wiU  not  be  seen.  The  contrary  statement, 
that  a  flushed  skin  will  necessarily  exliibit  capillary  pulsation,  naturally 
does  not  hold.  A  flushed  skin  is  brought  about  in  one  of  several  ways.  If 
the  arterioles  are  open  and  the  tone  of  capillaries  and  venules  is  normal,  the 
flush  has  an  arterial  colour  and  is  hot ;  it  is  in  such  that  capillary  pulsation 
is  best  seen.  If  the  arterioles  are  narrow,  but  capillaries  and  venules  lack 
tone,  the  blood  flow  through  the  last  two  is  slow  and  the  flush  has  a  more  or 
less  blue  tinge.  In  skin  wliich  has  a  bluish  flush  capillary  pulsation  is  not 
found.  Thus,  a  hand  which  has  been  soaked  in  cold  water  (12-lo'^C.)  is 
often  redder  but  colder  than  the  imsoaked  hand  soon  after  wdthdramng  it 
from  the  water  ;  in  these  circumstances  the  warm  hand  only  can  exliibit 
pulsation.     An  illustration  of  this  fact  is  given  later  in  this  paper. 

The  examples  which  have  so  far  been  cited  are  all  conditions  in  which 
vasodilatation,  general  or  local,  is  not  to  be  denied  ;  the  idea  that  widening 
of  the  arterial  channels  leads  to  a  pulsatile  flow  of  blood  in  the  smaller  vessels 
of  the  tissue  supplied  is  not  new  ;  it  dates  back  to  the  time  of  Claude  Bernard^, 
and  has  been  cUsciissed  by  other  writers  since^  *  ". 

Further,  to  illustrate  the  relation  between  cajjiUary  pulsation  and 
dilated  arterioles,  small  inflammatory  lesions  of  the  skin  may  be  instanced. 
In  young  healthy  men,  capillary  pulsation  may  be  found  confined  to  the 
immediate  neighbourhood  of  small  cuts  or  scratches,  such  as  have  been 
produced  in  shaving  ;  especially  is  this  the  case  if  such  cuts  or  scratches  are 
in  an  inflammatory  stage  and  stand  surrounded  by  small  areas  of  hyperaemic 
skin.  I  have  examined  several  cases  of  shght  and  fresh  herpes  labiahs  in 
young  people,  otherwise  normal,  and  in  these  have  found  no  difficultj^  in 
detecting  pulsation.  Glaessner"  has  seen  capillary  pulsation  in  small  acne 
pustules  ;  I  have  also  seen  it  in  all  of  the  several  cases  I  have  examined.  In 
instances  of  this  kind  the  phenomenon  is  strictly  local,  and  can  be  ascribed 
only  to  dilated  skin  vessels  of  small  cahbre.  These  local  lesions  when  tested 
are  shown  to  have  a  higher  temperature  than  has  the  smTouncUng  skin 
(see  Appended  note  F).  There  is  a  relation  between  perceptible  throbbing 
of  such  lesions  and  the  appearance  of  capillary  pulsation  in  them. 
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A  healthy  lad  of  19  years  was  examined  shortly  after  returning  from  a 
brisk  walk  on  a  cold  day  ;  his  face  a  Uttle  flushed  by  exercise.  Shght 
capillary  pulsation  was  found  in  the  lip,  skin  of  forehead  and  cheek.  A 
capsule  of  amyl  nitrite  was  administered  and,  at  the  height  of  a  good  reaction, 
vivid  pulsation  was  seen  in  the  same  areas  ;  ten  minutes  later  pulsation  was 
sUght  in  the  lips,  but  was  found  nowhere  else  ;  the  skin  colour  was  now 
normal.  A  young  and  healthy  medical  student  inhaled  a  capsule  of  amyl 
nitrite  ;  the  flush  soon  appeared  over  his  face,  but  was  not  intense  ;  at  the 
height  of  the  reaction  capillary  pulsation  was  distinct  in  the  forehead  and 
cheek  and  more  intense  in  the  hp.  This  student  told  me  that  he  had  observed 
capillary  pulsation  in  his  skin,  in  small  erythematous  areas  caused  by  the 
bites  of  insects.  A  capsule  inhaled  by  a  healthy  man  of  39  years  produced 
capillary  pulsation  of  the  Up,  but  none  could  be  detected  over  the  forehead 
or  cheek. 

Recently  a  young  woman  of  28  years  consulted  me  for  attacks  of 
palpitation  and  daily  feelings  of  exhaustion  in  her  work  as  a  typist ;  these 
symptoms  were  associated  with  poor  appetite  and  sleeplessness.  Apart 
from  a  Uttle  quickness  of  the  pulse  and  an  occasional  extrasystole,  the 
heart  seemed  normal.  She  was  examined  in  a  cold  room.  Over  the  whole 
of  her  face,  neck  and  the  upper  part  of  the  chest  a  vivid  and  scarlet  flush  was 
seen,  persistent  during  the  examination.  This  skin  was  hot  to  feel,  and 
the  patient  stated  that  her  face  burned  and  throbbed  ;  in  subsequent  tests 
(Appended  note  D)  it  was  ascertained  that  the  facial  skin  temperature  was 
well  above  normal.  Over  the  whole  face,  in  the  lobes  of  the  ears  and  in  the 
Ups,  a  very  distinct  capillary  pulsation  could  be  seen  ;  it  was  present  in 
lesser  degree  in  the  reddened  skin  of  the  neck  and  chest.  The  brachial 
blood  pressure  was  128  systoUc  and  90  diastoUc.  On  stroking  her  back 
with  a  blunt  point,  a  vivid  and  spreading  tache  developed,  and  this  also 
exhibited  obvious  pulsation.  I  have  since  seen  vivid  pulsation  in  small 
areas  of  bright  erythema  developing  spontaneously,  in  one  case  on  the 
cheek  and  in  the  other  on  the  neck,  of  two  young  women. 

A  famiUar  method  of  displacing  the  capillary  pulse  in  aortic  disease 
is  to  rub  the  skin  or  to  stroke  it  firmly  with  a  blunt  point  ;  this  jJrocedure 
increases  the  temperature  of  the  skin,  dilating  the  arterioles  (see  Table  IV). 
In  patients  who  cUsplay  "  urticaria  factitia,"  stroking  of  this  kind  yields  a 
central  red  line  around  which  a  bright  and  irregular  erythema  soon  appears  ; 
the  central  Une  eventually  becomes  oedematous.  The  erythema,  as  has  been 
shown,  is  due  to  reflex  cUlatation  of  the  arterioles  ;  it  involves  not  only  the 
surrounding  skin  but  the  central  Une  of  cedematous  tissue.  In  six  examples 
of  the  kind,  examined  for  the  purpose,  a  distinct  or  vivid  capillary  pulse 
was  found  in  each  instance.  It  was  present  in  the  surrounding  flush  and 
in  the  wheal  itself.  In  three  of  these  the  rise  of  skin  temperature  was 
tested  ;  it  rose  on  the  Une  stroked  by  from  1-5  to  2-5°C.,  respectively  (see 
appended  note  G). 
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Quincke*'  aiid  others  have  recorded  many  instances  of  caj)i)lary 
pulsation  in  the  skin  of  febiile  patients.  Glaessner^  found  it  in  the  flushed 
skin  of  Grave's  disease,  and  attributed  it  in  large  part  to  vasodilatation  ;  it 
is  now  well  recognised  to  occur  comnioidy  in  that  disease. 

Catillarv  pul.sation  in  aortic  regurgitation. 
Areas  in  ivhich  capillary  pulsation  appears. 

The  capillary  pulsation  of  aortic  disease  may  appear  in  any  part  of  the 
skin  of  the  body  under  suitable  conditions.  Thus,  it  can  be  induced  almost 
anywhere  by  friction  or  the  application  of  heat.  Looking  at  the  skin  in 
cases  of  free*  aortic  regurgitation  as  these  come  to  an  out-patient  depart- 
ment, there  are  a  few  areas  where  capillary  pulsation  is  usually  distinctlj- 
visible  without  touching  the  skin  ;  these  are  the  forehead  and  cheeks.  In 
some  cases,  not  so  uncommon  as  they  are  usually  believed  to  be,  the  redden- 
ing of  the  face  with  each  systole  and  its  paling  with  each  diastole  are  so 
distinct  that  they  may  be.  visible  at  a  considerable  distance  from  the  patient. 
More  usually  the  pulsation  is  detected  only  after  closer  inspection,  the  Ught 
being  allowed  to  fall  at  different  angles  on  the  face.  Such  spontaneovs 
caiiillary  pulsation  is  more  frequent  in  patients  who  are  standing  tlian  in 
those  who  are  lying  in  bed  ;  it  is  rarely  seen  in  skin  other  than  the  facial. 
The  finger  tips  and  palms  of  the  hands  show  a  similar  pulsation  from  time 
to  time,  especially  when  they  are  held  aloft, f  and  I  have  seen  a  few 
instances  in  wliich  the  spontaneous  flush  was  visible  over  the  whole  hand, 
back  and  front.  It  is  customary  to  search  for  capillary  pulsation  with  the 
aid  of  a  glass  slide,  the  skin  or  mucous  membrane  of  the  lip  being  pressed 
until  it  pales  a  little.  This  procedure  often  discovers  jDulsation  in  a 
surface  which  otherwise  maintains  continuously  a  full  colour.  If  the 
superficial  vessels  are  well  distended,  pulsation  in  them  does  not  greatly 
alter  their  volume  unless  such  outside  pressure  is  exerted  as  to  reduce 
them  in  size  materially  during  the  diastolic  phase  ;  they  then  swell  in 
systole.  When  a  glass  slide  is  used,  capillary  pulsation  is  often  found  in  the 
hand,  though  by  no  means  so  frequently  as  in  the  face.  In  the  hand 
the  pads  of  the  fingers  and  thumb  show  it  most  frequently,  and  after  these 
the  thenar  and  hypothenar  eminences,  the  skin  above  the  nail  bed,  and  the 
remaining  palmer  surfaces  of  hand  and  finger  in  approximately  this  order. 
Beneath  the  nail  itself  it  is  not  so  common  or  so  vivid  as  in  other  parts, 
hardly  more  common,  in  fact,  than  upon  the  dorsum  of  the  hand.  Clinicians 
use  the  nail  as  a  rule  ;  they  do  so  because  the  nail  substitutes  the  glass  sUde  ; 
it  is  not  a  very  favourable  i^lace  in  which  to  display  pulsation. 

Broadly  speaking,  capillary  pulsation  occurs  only  in  those  parts  of  the 
unstimulated  skin  which  are  ordinarily  exposed  to  the  atmosphere  and  are 

*  By  whicli  I  mean  cases  in  whicli  there  is  high  pulse  pressure  and  well-developed  water- 
hammer  pulse. 

I  A  change  of  position  which  is  reputed  to  dilate  the  arteries. 
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particularly  vascular,  namely,  in  the  skin  of  the  face  and  hands.  The  main 
exception  to  this  rule  is  the  foot.  Here  pulsation,  though  far  less  frequent 
than  in  the  hand  and  still  less  frequent  than  in  the  face,  is  not  very  uncommon. 
It  occurs  in  the  pads  of  the  toes  and  over  the  lower  surface  of  the  heel  most 
often  and,  after  these,  in  the  remaining  portions  of  the  foot  which  are  exposed 
to  pressure,  the  sole  and  small  portions  of  the  borders  of  the  foot.  The  skin 
over  these  parts  of  the  foot  is  ridged  and  especially  vascular. 

Relation  between  capillary  pulsation  and  pulse  pressure. 

In  studying  cases  of  arterio-venous  anastomosis  in  conjunction  with 
Drury^*,  capillary  pulsation  was  found  in  the  skin  and  in  the  hps.  This  was 
not  surprising  since  all  the  remaining  signs  customarily  met  with  in  the 
arterial  system  in  cases  of  aortic  regurgitation,  including  low  diastohc  and 
high  pulse  pressure,  were  present.  We  were  surprised  to  find,  however,  that, 
on  cutting  the  A-V  anastomosis  out  of  the  circulation  by  compre.ssing  the 
artery  running  to  it,  and  thus  restoring  the  pulse  pressure  to  normal  limits, 
the  capillary  pulse  persisted  in  apparently  its  original  degree.  We  were 
forced  to  conclude  that  capillary  pulsation  is  not  determined  by  higli  pulse 
pressure  in  cases  of  arterio-venous  anastomosis. 

If  a  group  of  aortic  cases  is  examined  in  the  ordinary  clinical  way,  it 
quickly  becomes  evident  that  a  relation  between  the  magnitude  of  the  pulse 
pressure  in  the  brachial  artery  and  the  degree  of  capillary  pulsation  in  the 
hand  cannot  be  demonstrated  satisfactorily.  Different  cases  with  similar 
pulse  pressures  display  either  vivid  pulsation,  no  pulsation,  or  any  inter- 
mediate state.  Many  cases  with  relatively  high  pulse  pressure  present  no 
capillary  pulsation,  others  with  relatively  low  pulse  pressures  may  display  it 
distinctly.  Such  observations  at  once  suggest  that  there  are  factors  con- 
trolUng  the  intensity  of  capillary  puslation  in  aortic  cases  which  weigh  as 
heavily  or  more  heavily  than  does  pulse  pressure.  The  matter  maj'  be  put 
to  a  direct  test  in  aortic  regurgitation,  as  in  arterio-venous  anastomo.sis,  by 
altering  the  available  pulse  pressures  in  individual  cases.  In  aortic  disease 
the  following  method  may  be  used.  Cases  are  chosen  in  which  capillary 
pulsation  is  easily  to  be  seen  in  the  hand  and  this  pulsation  is  watched  wliile 
the  corresponding  brachial  artery  is  partially  obstructed. 

Thus,  in  a  case  of  syphilitic  aortic  disease,  in  a  man  of  49  years,  tlie 
pressures  in  the  bracliial  artery  were  210  (systoUc)  and  70  diastolic.  On 
pressing  the  palm  of  the  hand  with  a  glass  sUde,  capillary  pulsation  was  at 
once  manifest  and  vivid.  With  the  arm  semi-dejiendent  the  armlet  pressure 
was  now  raised  abruj^tly  to  180  mm.  pressure.  The  pulse  beats  forced  their 
way  through  the  armlet  at  this  pressure,  though  naturally  they  were  much 
diminished  in  volume  ;  they  were  transmitted  to  the  small  vessels  in  the 
palm  of  the  hand,  capiUary  pulsation  being  distinct  in  it.  When  in  a  fresh 
observation  the  armlet  pressure  was  raised  to  190,  capillary  pulsation  could 
not  be   discerned.     The   method  has  the    disadvantage   of  often  showing 
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capillary  pulsation  for  a  short  while  only,  the  pulsation  disappearing  as  the 
venous  pressure  rises  to  its  height ;  it  also  has  the  disadvantage  that  the 
actual  strength  of  the  beat  reaching  the  hand  cannot  be  estimated  as  a 
pulse  pressure  in  milUraetres  of  mercury.  Therefore  it  was  varied.  The 
armlet  was  eventually  raised  to  170  mm.  Hg.*  and  thus  maintained  for 
3  minutes,  allowing  the  veins  to  become  fully  engorged  to  that  pressure. 
Capillary  pulsation  though  much  lessened  in  the  hand  remained  just  distinct. 
The  water-hammer  quahty  of  the  pulse  was  naturally  lost.  The  available 
pulse  pressure  in  this  observation  could  not  have  been  far  removed  from 
40  mm.  Hg..  When  repeated  with  an  armlet  pressure  of  180,  capillary 
pulsation  was  not  seen. 

In  a  young  man,  suffering  from  free  aortic  regurgitation,  and  having 
brachial  blood  pressures  of  135  (systoUc)  and  35  (diastoUc),  the  armlet  was 
maintained  at  90  mm.  for  2i  minutes  ;  the  veins  then  stood  out  as  hard 
cords  ;  capillary  pulsation,  previously  very  distinct  in  the  hand,  decreased 
but  was  just  perceptible.  The  armlet  pressure  was  now  dropped  to  80  mm.  ; 
the  veins  lost  a  little  of  their  tension  and  the  pulsation  now  became  jierfectly 
plain.  Under  both  conditions  the  water-hammer  character  of  the  radial 
pulse  was  lost,  the  pulse  being  small ;  the  available  pulse  pressures  in  the 
two  observations  were  45  and  55  mm.,  respectively. 

In  a  third  patient,  a  man  of  27,  the  subject  of  subacute  infective 
endocarditis  of  the  aortic  valves  and  showing  unusually  vivid  capillary 
pulsation  in  the  palms  of  the  hands  and  fingers,  the  brachial  pressures  were 
132  (systohc)  and  55  (diastohc).  Compression  of  the  upper  arm  at  90  mm. 
for  3  minutes  and  for  an  additional  minute  at  100  mm.,  left  the  intensity  of 
the  capillary  pulsation  seemingly  almost  unchanged.  The  water-hammer 
quahty  of  the  pulse  was  lost  and  the  pulse  became  small,  tlie  available 
pulse  jiressure  being  only  32  mm.  Hg.. 

These  examples,  repeated  with  like  results  on  several  other  patients, 
are  sufficiently  illustrative  of  the  method  and  its  results. 

The  following  ob.servation  affords  evidence  from  a  similar  point  of 
view.  W.  K.,  a  man  of  48  years,  suffered  from  syphilitic  aortitiSj  from  which 
he  ultimately  died.  The  heart  was  enlarged  and  the  aorta  dilated  ;  there 
were  signs  of  free  regurgitation  through  the  aortic  valves.  The  pulse  in  the 
arteries  of  the  left  arm  was  water-hammer  in  character,  the  average  of 
numerous  blood  pressure  readings  being  149  (systolic)  and  35  (diastolic).  The 
pulse  in  the  right  arm  was  small  and  anacrotic  in  type,  palpably  and  in  optical 
records  ;  the  average  blood  pressure  readings  in  this  arm  were  104  (systoUc) 
and  48  (diastohc).  Thus  the  pulse  pressure  was  1 14  in  the  left  arm  and  50  in 
the  right  arm.  The  blood  flow  to  the  two  forearms,  measured  by  Hewlett  and 
Zwaluwenberg's  method  was  equal,  namely,  43  cc.  per  minute.  The  carotid 
pulses  were  also  unequal,  being  notably  smaller  on  the  right  side  than  oh  the 
left.    An  obstruction  in  the  innominate  artery  was  naturally  diagnosed  and 

*  To  obtain  a  quick  and  complete  engorgement  of  the  veins,  it  is  best  to  allow  them  first  to 
fill  at  a  lower  pressure. 
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ascribed  to  the  syphilitic  disease  of  the  aorta.  Spontaneous  capillary 
pulsation  was  present  in  both  cheeks  and  across  the  whole  forehead  ;  in 
the  left  cheek,  however,  it  was  more  vivid  than  in  the  right.  The  hp, 
pressed  with  a  glass  slide,  presented  uniform  and  conspicuous  pulsation.  A 
firm  stroke  on  the  skin  of  each  forearm  was  followed  by  a  red  hne  in  which 
capillary  pulsation  was  to  be  seen  ;  the  pulsation  was  again  more  vivid  on 
the  left  side.  The  interest  in  this  aortic  case  is  the  presence  of  capillary 
pulsation  in  head  and  arm  on  the  right  side,  despite  the  normal  pulse  pressures 
prevailing  there,  and  in  this  respect  the  case  is  an  important  confirmation  of 
the  previously  cited  observations,  since  it  avoids  the  comphcating  factor  of 
venous  congestion.  The  greater  degree  of  capillary  jiulse  on  the  left  side  may 
be  explained  in  one  of  two  ways  ;  either  the  higher  pulse  pressure  on  this 
side  contributed,  or  the  factor  responsible  for  capillary  pulsation  on  the  right 
side,  a  factor  other  than  high  pulse  pressure,  was  acting  more  intensely  on  the 
left  side.     This  question  remained  undecided. 

These  examples  show  unmistakably  that  an  increased  pulse  pressure 
is  no  more  essential  to  the  production  of  capillary  pulsation  in  cases  of  aortic 
regurgitation  than  it  is  in  cases  of  arterio-venous  anastomosis  and  that 
another  factor  must  be  found  before  the  capillary  pulsation  of  aortic  disease 
receives  adequate  explanation.  It  may  be  true,  however,  even  if  the  chief 
determining  factor  is  not  high  pulse  pressure,  that  the  last  contributes. 

In  attempting  to  discover  whether  the  degree  of  capillary  pulsation  is 
related  to  the  magnitude  of  pulse  pressure,  it  is  clearly  necessary,  as  in  all 
similar  comparisons,  to  render  other  factors  which  come  into  play  constant. 
It  has  been  seen  that  capillary  pulsation  may  be  readily  induced  in  normal 
subjects  by  any  means  which  dilates  the  arterioles.  Before  we  can  thoroughly 
examine  the  interrelation  of  capillary  pulsation  and  pulse  pressure  in  aortic 
disease,  the  arteriole  factor  must  be  rendered  constant.  Probably  we  come 
nearest  to  doing  so  when  we  jiroduce  in  young  subjects,  exhibiting  various 
pulse  pressures,  a  full  vascular  dilatation  by  such  an  agency  as  heat.  Thus, 
if  we  use  such  a  series,  and  immersing  the  hand  in  water  at  temperatures 
sufficient  to, sting  the  skin  (45-47 °C.),  measuring  the  blood  pressures  in  the 
arm  while  the  hand  is  hot  and  examining  the  capillary  pulsation  shown,  we 
obtain  results  such  as  those  shown  in  Table  II.  In  a  series  of  normal  men 
of  similar  age  period,  we  anticipate  finding  distinct  or  vivid  capillary 
pulsation  in  the  finger  tips  and  cUstinct  pulsation  over  the  whole,  or  over 
many  parts,  of  the  heated  skin  on  the  palmar  and  dorsal  surfaces  of  the  hand 
and  fingers  ;  we  anticipate,  therefore,  to  find  at  least  these  grades  in  our 
young  cases  of  aortic  disease.  In  the  present  table  the  first  five  patients 
presented  at  least  this  degree  of  pulsation  ;  actually  the  pulsation  in  this 
group  as  a  whole  was  somewhat  more  extensive  than  is  seen  in  normal 
subjects,  being  distinct  over  the  whole  heated  skin  in  each  instance.  The 
pulse  pressures  in  these  patients  ranged  from  49  (a  normal  value)  to 
80  mm.  Hg..  In  the  next  two  cases  the  pulse  pressure  was  90  and  92  mm.  Hg., 
and  in  these  cUstinct  or  vivid  pulsation  was  found  in  all  parts  of  the  heated 
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VarioHx  gr<ule!<  of  aortic  regurgitation  in  young  nun. 
lliind  in  hot  water  at  45-47    C. /or  3  niiiiuli.i. 


Age. 

Brachial  blood 

pressure. 

Capillary  pulsation 
in  liand. 

Xo. 

syst. 

diast. 

1        pulse. 

1 

25 

132 

83 

4!) 

Distinct  everywhere.* 

2 

31 

152 

85 

07 

Distinct  everywhere.* 

3 

31 

155 

80 

1             '■> 

Distinct  everywhere.* 

4 

27 

145 

70 

75 

Distinct  everywhere.* 

5 

31 

145 

65 

80 

Distinct  everywliere.* 

G 

31 

105 

75 

90 

Vivid  or  distinct 

7 

28 

.     152            '             60 

92 

everywhere. 
Vivid  or  distinct 

8 

33 

105                         55 

110 

everywhere. 
\'ivid  everywhere. 

9 

28 

1 00                       40 

120 

Extremelv  vivid 

10 

29 

180                         45 

135 

everywhere. 
Distinct  everywhere.* 

*  The  pulsation  was  equal  in  degree,  but  more  extensive  than  that  found  in  tlie  normal 
subject  under  similar  conditions. 


TABLE  III. 


Free  aortic  regurgitation  in  older  men. 
Hand  in  hot  water  at  45-47° C.  for  3  minuteji. 


Brachial  blood  pressure. 


No. 

Age. 

syst. 

diast. 

j        pulse. 

Capillary  pulsation 
in  hand. 

1 

44 

182 

75 

107 

Vivid  everywhere. 

-' 

08 

158 

50 

108 

Vivid  everj-where. 

3 

00 

192 

90 

102 

Vivid  or  distinct 

4 

40 

190 

68 

122 

everywhere. 
Vivid  or  distinct 

5 

54 

158 

48 

1 10 

everywhere. 
Distinct  everywhere. 

6 

s 

41 

45 

OS 

100 

106 
105 

45 

05 

OU 

115 

101 

105 

Distinct  in  finger  pads 
and  palm  and  nail 
bed   only. 

Distinct  in  finger  pads 
and  pahns  only. 

Absent. 
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skin  ;  the  degree  of  pulsation  was  decidedly  greater  and  it  was  more  extensive 
than  is  seen  in  normals  of  the  same  ages.  In  the  next  two  cases  the  pulse 
pressures  were  110  and  120  mm.  Hg.  respectively,  in  the  first  instance  vivid 
pulsation  was  everywhere  visible,  in  the  last  the  pulsation  was  exceptionally 
vivid  in  all  parts  and  occurred  spontaneously  over  the  whole  hand.  It  is 
clearly  true  that  when  the  heated  hands  of  normal  men  and  of  aortic  cases 
are  compared,  capillary  pulsation  is  in  the  rule  more  intense  in  the  aortic 
series.  It  is  also  the  rule  that  the  pulsation  becomes  more  intense  and 
widespread  as  the  pulse  pressure  increases  ;  a  single  and  notable  exception 
to  this  statement  is  found,  however,  in  the  last  case  of  the  table.  In  a  man, 
whose  pulse  pressure  was  135  mm.  Hg.  the  capillary  pulsation  in  the  hand 
was  no  more  intense,  though  somewhat  more  extensive,  than  in  a  normal 
svibject  of  the  same  age.  Such  discrepancies  between  the  pulse  pressure  and 
the  degree  of  capillary  pulsation  are  more  common  in  patients  of  more 
advanced  years,  as  Table  III  shows.  These  patients  were  chosen  for  their 
age  and  because  in  all  the  pulse  pressure  exceeded  100  mm.  Hg..  Evidentlj', 
in  such  there  is  a  variant  similar  to  that  found  in  elderly  but  normal  subjects 
(Table  I),  namely,  an  arteriolar  factor.  Variation  in  the  number  and  dis- 
tensibility  of  the  arterioles  is  not  within  our  control.  If  we  assume  that 
only  two  factors  come  into  play  in  producing  capillary  pulsation,  namely, 
pulse  pressure  on  the  one  hand  and  the  state  of  the  arterioles  on  the  other, 
and  if  we  further  assume  that  arterioles  are  brought  to  a  sufficiently  constant 
state  of  dilatation  by  heating  the  skin  in  all  healthy  young  subjects,  and  in 
almost  all  young  aortic  cases,  while  it  fails  to  do  so  in  a  goodly  percentage  of 
older  subjects,  then  we  seem  to  jiossess  an  adequate  explanation  of  capillary 
pulsation  as  this  is  displayed  hy  the  heated  skin. 

To  sum  up  :  a  heightened  pulse  pressure  in  aortic  regurgitation  is  not 
an  essential  cause  of  capillary  pulsation  ;  given,  however,  that  the  remaining 
conditions  are  suitable  to  induce  capillary  pulsation,  then  this  pulsation 
varies  in  its  degree  with  the  pressure  amplitude  of  the  pulse  wave.  The 
suggestion  that  the  state  of  the  arterioles  plays  a  chief  part  in  producing 
capillary  pulsation  in  the  unheated  skin  may  now  be  examined  further. 

The  arteriolar  factor. 

Relation  of  capillary  pulsation  to  skin  temperature.  The  presence  or 
absence  of  cajjillary  pulsation  in  a  particular  area  of  skin  is  closely  related 
to  the  temperature  of  that  skin.  In  observations  upon  a  large  number  of 
patients  presenting  evidence  of  free  aortic  regurgitation,  I  have  noted  no 
exception  to  the  rule  that,  other  conchtions  being  equal,  cajiillary  pulsation 
is  best  displayed  by  areas  of  skin  which  feel  warm  or  hot.  In  such  obser- 
vations those  comparisons  are  most  valuable  where  symmetrical  areas  of 
skin,  being  equally  suppUed  by  vessels,  are  found  to  have  different  tem- 
peratures. In  a  general  and  somewhat  less  accurate  way  we  may  compare 
skin  areas  of  the  face  with  each  other  or  with  those  of  the  hand.    Spontaneous 
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capillary  pulsation  docs  not  occur  in  the  skin  of  the  face  unless  the  area 
showing  it  feels  warm  or  hot ;  the  warmest  part  of  the  face  will  show  capillary 
pulsation  to  best  advantage  and  this  is  usually  the  cheek  or  forehead.  The 
lobes  of  the  ears  are  often  cool  or  cold  ;  in  such,  little  or  no  pulsation  can  be 
elicited  until  they  are  warmed  and  brightened  in  colour  by  rubbing  or  by 
exposure  to  a  warm  room  temperature.  iSomctimes  the  nose  or  chin  is  cold 
or  cool  while  the  rest  of  the  face  is  warm  ;  then  capillary  pulsation  is  found 
in  the  last  only,  or  will  be  far  less  vivid  in  the  first.  Not  infrequently  at  an 
examination  one  cheek  may  be  found  hot  and  the  other  cold  ;  in  the  former 
capillary  pulsation  is  found,  in  the  last  not.  If  the  hands  are  cold,  capillary 
pulsation  is  not  to  be  seen  in  them  ;  if  they  are  warm,  it  is  there.  I  could 
cite  a  score  of  cases,  examined  clinically,  in  which  these  broad  rules  hold 
true.  In  many  cases,  by  feeUng  the  skin  in  several  regions  and  comparing 
the  temperatures  so  gauged,  the  relative  degrees  of  capillary  pulsation  which 
will  be  found  can  be  predicted  approximately.  To  display  the  relation 
between  sldn  temperature  and  capillary  pulsation  in  cases  of  free  aortic 
regurgitation  more  precisely  and  more  objectively,  a  thermo-electric  couple 
has  recently  been  employed.  This  amply  confirms  the  clinical  observations  ; 
showing  as  it  does  how  closely,  in  cases  treated  individually,  varying  skin 
temperatures  and  corresponding  degrees  of  pulsation  are  associated  (see 
Appended  note  B).  It  is  clear  from  these  observations  that  unless  the 
presence  or  absence  of  capillary  pulsation  is  correlated  with  the  temperature 
of  skin  or  mucous  membrane  in  which  it  appears,  it  can  have  little  or  no 
value  as  a  sign.* 

I  have  already  indicated  that  external  temperature  influences  the 
appearance  of  capillary  pulsation.  It  does  so  by  widening  or  narrowing  the 
arterioles  of  the  skin.  This  relation  to  external  temperature  is  easy  to  display 
in  cases  of  free  aortic  regurgitation.  Soak  the  hand  of  a  young  patient  for 
3  minutes  in  baths  of  water  at  suitable  temi^eratures  and  almost  any  grade  of 
capillary  pulsation  can  be  produced.  The  following  broad  experiment, 
twice  repeated  on  the  same  subject  with  very  similar  results,  will  serve  as  an 
illustration. 

In  a  man  of  29  years,  lying  in  bed  in  a  ward  whose  temperature  was 
21°C.,  the  brachial  blood  pressure  was  180  (systohc)  and  40  (diastolic) ;  the 
hand  felt  just  warm  and  the  finger  tips  and  palm  showed  distinct  capillary 
pulsation  on  pressure.  The  arm  was  placed  in  a  bath  of  water  at  SG-S^C.  for 
3  minutes  ;  the  blood  pressures  were  now  172/45  and  capillary  pulsation  was 
unaltered.  It  was  now  soaked  in  water  at  45''C.  for  3  minutes,  after  which 
the  whole  hand  (back  and  front)  flushed  spontaneously  with  each  systole. 
It  was  now  placed  in  water  at  26*^0.  for  the  same  period  ;  the  blood  pressures 
became  165/40  and  sHght  pulsation  was  visible  in  the  hypothenar  eminence, 
but  in  no  other  part  of  the  hand.  By  varying  the  temperature  of  the  water, 
the  extent  and  degree  of  the  pulsation  could  be  varied  at  will.    From  day  to 

*  A  statement  wliicli,  incidentally,  applies  with  almost  equal  fprce  to  cyanosis  as  a  sign. 
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day,  however,  the  lower  temperatures  would  not  always  bring  the  hand 
into  precisely  the  same  states,  though  the  blood  pressures  were  remarkably 
stable.  The  tone  of  the  skin  vessels  was  not  entirely  determined  by  external 
temperature.  In  the  same  patient,  and  in  many  others,  it  has  been  easy  to 
show  that  it  suffices  to  warm  or  cool  surfaces  of  quite  small  extent  locally 
to  mochfy  the  degree  of  cajjillary  pulsation.  If  a  hand  is  heated  to  45°C. 
while  a  single  finger  tip  is  cooled  (10-20°C.),  the  cooled  finger  tip  will  show  no 
pulsation,  while  its  neighbours  will  show  it  vividly.  Similar  observations 
have  been  carried  out,  with  like  results,  uj^on  the  skin  of  the  face,  the  foot, 
etc..  In  aortic  cases  capillary  pidsation  is  particularly  conspicuous  where  the 
skin  is  reddened  by  small  lesions  such  as  small  cuts  on  the  chin,  herpes  of  the 
lip  or  in  small  acne  papules  ;  often  it  is  found  vividly  in  these  when  there 
is  no  visible  jiulsation  in  the  surrounding  skin.  As  in  normal  subjects,  the 
temperature  of  the.se  little  inflamed  areas  is  higher  than  that  of  the  sur- 
rounding skin  (see  Appended  note  F). 

Temperature  affects  capillary  pulsation  in  aortic  disease  as  it  does  in 
normal  subjects.  The  comparison  in  its  detail  serves  to  demonstrate  that  a 
factor  governing  the  degree  of  capillary  pulsation,  as  we  see  it  in  aortic 
disease,  is  the  condition  of  the  arterioles.  It  has  been  shown  that  external 
temperature  profoundly  mochfies  the  events  ;  whether  we  succeed  or  fail 
to  find  capillary  pulsation  in  the  hand,  for  example,  will  largely  depend  on  the 
teraiJerature  of  the  room  in  which  a  patient  is  examined  ;  capillary  pulsation 
is  more  often  seen  in  summer  than  in  winter. 

Now  the  relation  between  skin  temperature  and  the  condition  of  the 
arterioles  is  open  to  two  interpretations.  On  the  one  hand,  a  change  of 
external  temjierature,  by  changing  that  of  the  skin,  will  alter  the  size  of  the 
skin  arterioles,  and  our  last  illustrations  evidently  belong  to  this  category  ; 
on  the  other  hand,  a  warm  or  cold  skin  may  be  due  immarily  to  the  state  and 
distribution  of  the  arterioles.  That  must  be  the  case  where,  for  example, 
various  areas  of  the  facial  skin  present  different  temperatures,  though 
exposed  to  the  same  room  temperature.  Here  the  relative  degrees  in  which 
pulsation  is  exhibited  is  determined  primarily  by  the  state  of  the  arterioles.* 
Obviously  it  may  be  concluded  that  in  any  given  case  of  aortic  regurgitation 
those  areas  which  present  capillary  pulsation  are  areas  in  which  the  arterioles 
are  dilated  as  compared  to  those  of  areas  which  show  none.  A  more  inter- 
esting question,  and  one  which  necessarily  arises,  is  whether  the  arterioles  in 
areas  showing  pulsation  in  this  valvular  defect  are  more  dilated  than  are  the 
arteries  of  corresponding  areas  in  normal  subjects.  In  other  words,  are  there 
areas  of  active  arteriolar  dilatation  in  aortic  disease  ?  Some  evidence  to  this 
effect  has  been  produced  already  ;  for  it  has  been  shown  that  in  cases  of  very 
distinct  capillary  pulsation  of  the  fingers,  the  pulsation  may  be  independent 
of  pulse  pressure,  and  is  then  due  presumably  to  abnormal  widening  of  the 
arterioles.     Further  evidence  may  now  be  examined. 

*  Not  wholly,  however,  see  Appended  note  B. 
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Skin  colour  and  temperature  in  aortic  disease. 

Other  things  being  equal,  the  colour  and  temperature  of  the  skin  are 
controlled  by  the  state  of  the  arterioles,  widening  of  which  flushes  the  skin. 
While  a  bright  red  colour  of  the  skin  is  usually  a  sign  of  arteriolar  dilatation, 
an  unflushed  skin  does  not  negative  widened  arterioles.  It  has  been  pointed 
out  by  Ebbecke'  that  the  skin  may  be  warm  and  at  the  same  time  pale. 
Dale  and  Richards^  noted  in  the  cat  that  a  paler  paw  might  give  off  more 
heat  than  a  redder  paw.  The  blood  lying  in  the  superficial  plexuses  is  mainly 
respon.sible  for  skin  colour,  so  that  an  arteriolar  dilatation  will  jield  the 
characteristic  flush  only  if  the  capillary  and  venule  tone  is  normal  or  low. 
.4  priori  in  aortic  disease  both  arterioles,  capillaries  and  venules  might  be 
relatively  toneless,  and  j-et,  owing  to  low  mean  pressure  in  the  arteries,  the 
flow  of  blood  to  the  skin  might  be  only  normal  or  even  subnormal  in  qviantity. 
In  a  case  of  free  aortic  regurgitation,  a  skin  of  normal  colour  and  warmth 
indicates  that  the  flow  of  blood  through  it  is  normal  in  amoiuit  ;  but  if 
the  mean  arterial  pressure  were  below  normal  in  the  same  case,  then 
there  would  be  strong  presumptive  evidence  that  the  arterioles  were  dilated. 
It  is  not  easy  to  assess  the  mean  pressure  in  aortic  cases.  The  sj^stolic 
pressure  is  usually  raised  and  the  diastohc  pressure  lowered,  often  by  about 
equal  amounts  ;  but  since  the  pressures  of  diastole  as  a  Avhole  diverge  less 
from  the  minimal  pressure  than  the  j^ressures  of  systole  as  a  whole  diverge 
from  the  maximal  pressure,  so  it  is  probable  that  when  the  cUastoUc  pressure 
is  lowered  by  an  amount  equal  to  the  rise  of  the  systolic  pressure,  the  mean 
pressure  is  reduced.  Arguing  along  these  lines,  we  should  not  necessarilj^ 
anticipate  in  a  case  of  aortic  disease,  in  which  the  tone  of  capillaries  and 
venules  was  normal  but  in  which  the  arterioles  were  wider  than  normal, 
that  the  colour  and  temiierature  of  the  skin  would  be  higher  than  normal  ;  we 
should  expect  the  last  only  when  mean  blood  pressure  was  normal  or  above 
normal.  A  skin  warmer  and  more  flushed  than  normal  would  certainly 
indicate  widened  arterioles  in  the  presence  of  a  low  mean  arterial  pressure. 

Now  the  traditional  description  of  skin  colour  in  aortic  disease  is  summed 
up  in  the  word  pallor.  This  description  was  WTitten  before  subacute  or 
chronic  infective  endocarditis,  a  di.sease  commonly  associated  with  free 
aortic  regurgitation,  was  recognised  ;  otherwise  it  never  had  been  written 
so.  It  has  for  some  while  been  clear  to  me^^  that  aortic  regurgitation  is  a 
defect  in  which  facial  pallor — and  it  is  facial  jiallor  that  is  understood — does 
not  occiu-  unless  it  is  complicated  bj- infective  endocarditis,  active  rheumatism, 
or  some  other  recognisable  though  more  occasional  cause  of  anaemia  ;  since 
I  have  learned  to  diagnose  the  more  obscure  forms  of  infective  endocarditis, 
I  cannot  recall,  amongst  xery  many  hundred  cases  of  chronic  aortic  regurgi- 
tation, a  single  instance  of  unusual  pallor  of  the  face,  in  wliich  that  pallor* 
could  reasonably  be  attributed  to  low  mean  pressure  in  the  arteries.     The 

*  I  omit  from  consideration  those  cases  which  present  pallor  as  they  approach  towards  the 
final  stages  of  cardiac  failure. 
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facial  colour  in  those  who  suffer  from  uncomplicated  regurgitation,  un- 
complicated in  the  manner  previously  described,  is  normal  or  it  may  be 
heightened.  To  place  this  question  of  facial  colour  beyond  all  reasonable 
doubt  I  have  recently  noted  it  in  24  additional  cases  of  aortic  regurgitation 
in  men  of  different  ages.  These  cases  were  selected  from  one  point  of  view- 
only,  namely,  that  they  should  display  a  full  water-hammer  pulse  and  very 
high  pulse  pressure.  To  summarise  these  notes,  in  9  cases  the  face  was 
judged  to  be  more  flushed  than  normal,  in  2  cases  it  was  intensely  flushed,  in 
12  the  coloiu-  seemed  of  natural  height.  In  1  ca.se  only  was  there  pallor,  and 
this  was  a  frank  instance  of  infective  endocarditis,  proved  a  month  later  at 
post-mortem.  In  an  out-patient  department  especially,  the  facial  colour  in 
cases  of  aortic  regurgitation  cases  is  conspicuous,  if  it  be  conspicuous  at  all, 
by  its  redness  and  by  the  arterial  tint  of  this  redness.  It  is  usual  to  see 
spontaneous  capillary  pulsation  in  the  forehead  and  cheeks  of  these  standing 
patients,  and  spontaneous  capillary  pulsation  is  seen  only  when  the  part  is 
flushed,  at  the  least  in  systole.  The  heightened  colour  is  perhaps  less 
conspicuous  in  patients  long  in  bed  ;  it  varies  much  in  one  and  the  same  case 
from  time  to  time. 

So  far  as  warmth  of  the  skin  is  concerned,  that  is  more  difficult  to 
judge  ;  a  comiiarison  between  a  group  of  aortic  cases  and  a  group  of  control 
subjects  (Appended  note  C)  has  shown  the  average  facial  temperature  to  be 
1°C.  higher  in  the  aortic  group.  Had  the  average  temperature  in  the  two 
groups  proved  equal  it  would  have  sufficed  for  my  argument ;  the  higher 
temperature  of  the  aortic  group  gives  these  observations  an  added  significance. 

There  is  a  not  infrequent  tyjJe  of  aortic  regurgitation  in  which  the  flush 
is  intense  and  the  face  and  neck  are  scarlet  and  hot.  The  limits  of  the  flush 
are  those  of  the  amyl  nitrite  reaction,  and  the  patients  themselves  feel  the 
heat  and  often  the  throb  of  the  skin.  It  is  in  such  that  capillary  pulsation  is 
seen  at  its  height.  In  one  such  case  recently  observed,  the  red  colour  subsided 
only  after  many  weeks  in  bed,  to  reappear  after  a  short  period  of  slow 
walking  exercise  ;  in  another  it  would  decline  more  quickly  with  rest, 
namely,  in  the  space  of  perhaps  an  hour  to  appear  again  without  apparent 
cause.  In  both  these  patients  the  superficial  temporal  arteries  were  visible 
as  prominent  and  tortuous  vessels  beating  violently  from  the  ear  almost  to 
the  summit  of  the  scalp.  In  those,  of  the  series  of  24  cases,  in  which  the 
facial  colour  was  noted  as  higher  than  normal,  it  was  generally  noted  also  that 
these  arteries  were  prominent  or  very  prominent,  while  amongst  those  in 
whom  the  facial  colour  is  stated  to  have  been  natural,  unusual  prominence 
of  the  temporal  arteries  was  much  less  often  seen.  It  is  in  general  true  that 
the  flushed  countenance  associates  itself  with  prominent  vessels,  though 
there  are  not  infrequent  exceptions,  in  which  one  or  other  of  the  two  fails. 
These  wide  and  tortuous  arteries  are  usually,  and  oft«n  erroneously,  regarded 
as  the  products  of  disease,  arteries  which  have  lost  their  power  of  elastic 
recoil.  They  are  common  both  in  young  and  in  elderly  cases  of  free  regur- 
gitation, and  a  simple  enquiry  proves  them  capable  of  changing  size.    They 
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shrink,  often  to  iuvisihility,  in  response  to  an  ice  bag  applied  for  a  few 
minvites  ;  they  dilate  again  readily  with  heat.  In  young  peojjle,  sponging 
with  hot  water  will  often  bring  forth  a  prominently  tortuous  vessel  at  the 
temple.  In  aortic  cases,  these  prominent  and  pulsating  temporal  arteries 
exhibit  a  recurrent  pulse  particularly  well.  Thus,  while  in  free  aortic 
regurgitation  there  is  usually  evidence  conveyed  by  warmth  and  colour  that 
the  facial  arterioles  are  dilated,  there  is  often  further  evidence  that  the  main 
arteries  may  be  involved  simultaneously.  It  may  not  be  the  temporals  only  ; 
part  of  the  course  of  the  facial  artery  and  also  the  nasal  arteries  are  not 
infrequently  displaj'cd  by  their  dilatation. 

Capillary  pulsation  in  the  face  is  particularly  associated,  as  I  have  said, 
with  a  warm  and  reddened  skin,  which  being  interpreted  means  relatively 
wide  arterioles.  This  relation  to  vaso-dilatation  was  recently  well  displayed 
by  a  case  of  free  aortic  reflux.  The  following  are  the  relevant  observa- 
tions. A  man  of  54  years  presented  himself  at  the  clinic  with  signs 
of  syphilitic  aortitis.  Giving  a  past  history  of  venereal  disease  at  19 
years,  he  showed  clinically  and  skiagraphically  a  fusiform  aneurism  or 
great  dilatation  involving  both  ascending,  transverse  and  descending 
aorta,  and  clear  signs  of  moderate  regurgitation  through  the  aortic 
valves.  The  pulse  was  a  little  abrupt  in  its  upstroke,  the  blood 
pressure  was  180  (systoKc)  and  110  (diastolic),  the  pulse  rate  90.  Both 
sides  of  the  face  were  flushed,  the  right  rather  more  than  naturally,  the 
left  very  distinctly  so.  The  meaning  of  the  greater  flush  over  the  left  face 
was  not  obscure,  for  the  left  pupil  was  much  smaller  than  the  right  one.  Here 
an  arteriolar  dilatation,  due  on  the  left  side  to  sympathetic  paresis,  seems 
indubitable.  Over  the  chin  and  mucous  membrane  of  the  lip  capillary 
pulsation  was  distinct  and  seemed  equal  on  the  two  sides.  Over  the  right 
cheek,  forehead  and  lobe  of  ear  it  was  just  visible  or  distinct ;  over  the 
corresponding  parts  of  the  left  face  it  was  distinct  or  vivid.  A  few  venules 
in  the  left  cheek  pulsated,  in  those  of  the  right  pulsation  could  not  be  seen. 
Subsequent  investigation  (see  Apjiended  note  E)  showed  the  temperature 
of  the  left  face  to  be  on  the  average  1-2°C.  higher  than  that  of  the  right  face 
in  this  patient. 

Cyanosis  and  arteriolar  dilatation.  Dilatation  of  the  arterioles  leads, 
other  things  being  equal,  to  a  quicker  blood  flow  through  the  capillaries  and 
venules  of  the  skin,  and  tends  in  consequence  to  maintain  the  blood  of  these 
small  vessels  in  a  more  oxygenated  state,  since  less  haemoglobin  is  reduced 
by  the  tissues  in  its  passage  through  them.  Thus  arteriolar  dilatation  is 
opposed  to  cyanosis.  Several  illustrations  of  this  fact  have  been  given.  If  a 
normal  arm  be  cyanosed  by  raising  venous  pressure  in  it  to  70  mm.  Hg.for 
3  minutes,  the  whole  arm  assumes  a  more  or  less  deep  cyanotic  tinge.  If  a 
portion  of  this  cyanosed  arm  is  immersed  in  hot  water,  the  cyanosis  vanishes 
from  the  immersed  part,  which  becomes  bright  pink  or  red  in  colour  ; 
similarly,  if  the  arm  is  heavily  stroked  with  a  blunt  point,  the  region  of  the 
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stroke  shows  red  on  a  bluish  background.  Congesting  a  limb  to  a  fixed 
point  is  thus  a  method  of  cUsplaying  areas  in  which  the  supplying  arterioles 
are  dilated.  I  have  used  the  method  a  good  deal  in  cases  of  free  aortic 
regurgitation  with  the  idea  of  comparing  the  depth  of  cyanosis,  so  jjroduced, 
with  that  similarly  produced  in  the  normal  subject  ;  hoping  thereby  to  obtain 
further  evidence  for  or  against  arteriolar  dilatation  in  these  patients.  The 
Ijrocedure  is  to  congest  the  normal  arm  and  that  of  an  aortic  case,  presenting 
capillary  pulsation  in  the  hand,  simultaneously  and  to  the  same  point, 
maintaining  a  pressure  of  70  mm.  Hg.  for  3  minutes,  and  then  comparing  the 
depth  of  cyanosis  in  the  two  arms.  To  compare  the  depth  of  cyanosis  is  not 
always  an  easy  matter,  since  the  depth  of  colour  varies  much  in  different 
parts  of  the  hmb  ;  the  method  is  essentially  subjective  ;  the  comparison  is 
also  disturbed  because  the  skin  is  richer  in  superficial  vessels  in  some  than 
in  others  ;  age  probably  counts  for  much  ;  moreover,  since  the  mean 
pressure  in  normal  and  aortic  subjects  is  not  necessarily  the  same,  the 
constant  use  of  70  mm.  congesting  pressure  is  somewhat  arbitrary.  In 
general,  however,  I  beUeve  it  to  be  true  that  congestion  of  the  arm  of  an 
*,ortic  case,  showing  capillary  pulsation  in  the  fingers,  leads  to  less  skin 
cyanosis  than  does  similar  congestion  of  a  normal  arm  which  shows  none.  In 
some  cases  there  is  no  doubt  that  this  is  so,  for  the  arm  remains  of  a  pink 
colour  throughout  the  observation  ;  this  is  especially  the  case  when  capillary 
pulsation  is  previously  vivid  in  the  hand.  In  several  cases  also  it  has  been 
observed  that  those  portions  of  the  hand  which  originally  showed  distinct 
or  vivid  pulsation  become  the  least  cyanosed  when  congested  artificially. 
But  a  few  exceptions  have  been  noted,  and  have  remained  unexplained,  and 
these  have  weakened  the  evidence  derived  from  this  source.  Although 
treated  as  a  whole  this  evidence  supports  the  view  that  the  arterioles  are 
dilated,  it  is  not  infrequently  indecisive.  The  arm  is  not  the  part  in  which 
a  state  of  arterial  dilatation  is  thought  to  be  present  in  greatest  degree  ; 
but  it  is  the  most  suitable  to  congest.  Artificial  congestion  of  the  head,  in 
which  the  chief  dilatation  is  suspected,  has  not  been  attempted,  but  chnical 
experience  may  be  cited  from  this  standpoint.  I  have  been  impressed  by  the 
comparative  rarity  with  which  cyanosis  of  the  face  is  seen  in  free  aortic 
regurgitation,  even  though  such  aortic  defects  are  not  very  uncommonly 
associated  with  congestion  of  the  venous  system.  One  patient,  seen  quite 
recently,  was  especially  impressive  from  this  point  of  view.  Free  regurgi- 
tation was  present  and  the  veins  of  the  neck  were  so  congested  as  to  project 
prominently  when  the  patient  stood,  and  were  very  firm  to  feel  when  the 
patient  was  recumbent.  In  neither  position  was  there  appreciable  cyanosis 
in  any  part  of  the  face,  but  the  whole  was  warm  and  flushed  to  an  almost 
bright  red  colour.  The  colour,  from  past  experience  of  similarly  congested 
cases,  seemed  incompatible  with  the  state  of  the  veins,  unless  a 
vasodilatation  in  the  affected  area  were  assumed  ;  the  entire  face  presented 
a  distinct  or  conspicuous  capillary  pulsation. 
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The  cumulative  evidence  proves  that  capilhiry  jjulsation  in  aortic 
disease  is  intimately  connected  with  the  state  of  the  arterioles  ;  it  also 
proves  that  in  the  areas  of  skin  which  show  capillary  pulsation  the  arterioles 
are  dilated  l)y  comparison  to  those  of  skin  failing  to  show  pulsation.  It 
further  seems  clear  that  in  cases  in  which  the  mean  blood  pressure  is  approxi- 
mately normal  or  is  below  normal,  distinct  pulsation  in  the  fingers  or  very 
distinct  pulsation  in  the  face  is  associated  with  an  absolute  dilatation  of  the 
corresponding  arterioles.  It  is  more  accurate  to  regard  cajiillary  pulsation, 
even  in  aortic  disease,  as  a  sign  of  arteriolar  dilatation  than  as  a  sign  of 
high  pulse  pressure.  It  may  be  stated  on  these  grounds  and  especially  from 
the  testimony  of  skin  temperature  that  the  arterioles  of  the  facial  skin  are 
customarily  widened  in  aortic  disease,  sometimes  greatlj^  widened.  The 
field  i)rimarily  selected  is  a  susceptible  area,  the  area  which  amyl  nitrite  and 
emotional  blushing  influences  principally.  The  arterioles  of  the  upper  limb, 
of  the  hand  especially,  share  in  this  dilatation,  though  with  less  uniformity 
and  usually  in  lesser  degree.  In  the  foot,  evidence  of  arteriolar  dilatation 
is  found  relatively  infrequently.  Often,  though  not  invariably,  dilatation 
of  the  main  arteries  supplying  the  corresponding  areas  is  associated  with 
this  widening  of  the  arterioles.' 

The  cause  of  the  limited  vasodilatation  described  remains  obscure  ; 
to  discuss  its  mechanism,  to  speak  of  it  as  possibly  comjiensatory,  would  lead 
us  into  what,  for  the  moment,  would  be  almost  pure  speculation. 


The  vessels  involved  in  clinical  "capillary  pulsation." 

Usually  it  has  been  assumed  that  "  capillary  pulsation,"  as  we  witness  it 
clinically,  is  an  affair  of  the  capillaries  themselves  ;  latterly,  however,  doubt 
has  arisen,  since  it  has  become  known  that  the  capillaries  are  not  solely 
responsible  for  skin  colour,  but  that  the  minute  venules  which  collect  the 
capillary  blood,  and  the  sub-papillary  venous  plexus  into  which  the  last 
empty,  contribute  materiallJ^  The  capillaries  probably  contribute  in  the 
skin  of  the  hands  and  feet  and  in  the  mucous  membrane  of  the  lips  ;  the 
venules  play  the  largest  part  in  the  whiter  skin  of  the  limbs  and  trunk  and  in 
the  skin  of  the  face.  The  precise  extent  to  which  capillaries  on  the  one  hand, 
and  minute  venules  on  the  other  affect  the  skin  colour  in  various  regions  is 
still  uncertain,  though  it  becomes  more  and  more  evident  that  the  venules  are 
chieflj'  responsible.  Thinking  on  these  lines,  Boas^  has  suggested  that  possibly 
the  venules  may  be  largely  concerned  in  producing  so-called  ''  capillary 
pulsation,"  more  especially  as  he  was  at  first  unable  to  detect  pulsation  in 
the  capillaries  microscopically.  Boas  was  of  opinion  that  pulsation  of  the 
capillaries  reported  by  Freelander  and  Lenhart"*,  Jiirgenseni^  and  others^',  is 
artificial  and  due  to  movement  of  the  capillary  bed  as  a  whole.  Acting  on 
my  suggestion,  SumbaP"  was  able  clearly  to  display  pulsation  in  the  blood- 
flow  of  the  capillaries  themselves  in  each  of  9  cases  of  aortic  regurgitation 
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examined  by  him,  and  he  described  it  in  such  detail  as  tully  to  establish  its 
occurrence.  Boas'  has  more  recently  confirmed  Sumbal,  though  maintaining 
that  clinical  capillary  pulsation  may  occur  when  no  pulsatile  movement  is 
visible  in  the  capillaries,  and  that  pulsation  in  the  capillaries  is  only  seen 
rarely.  I  have  examined  this  point  extensively,  using  a  Zeiss  Greenough 
binocular  microscope  and  a  magnification  of  62  diameters,  and  cannot  agree 
with  his  findings,  never  having  failed  to  see  pulsatile  capillary  flow,  or 
pulsatile  expansion  of  the  capillary  loops,  in  any  area  examined  microscopi- 
cally in  which  pulsation  of  colour  was  visible  to  the  naked  eye  and  in 
wliich  microscopically  the  blood  flow  in  a  reasonable  number  of  capillaries 
could  be  detected.  Such  observations  have  been  undertaken  on  the  mucous 
membrane  of  the  hps,  in  the  skin  of  the  cheek,  of  the  fingers  behind  the  nail 
bed  and  of  the  arms  ;  in  all  these  the  rule  has  held  good.  Boas  states  that 
he  has  failed  to  detect  pulsation  in  the  capillaries  of  this  nail  bed  in  all  of 
8  cases  of  aortic  disease  examined,  though  care  was  taken  to  examine  the 
skin  while  the  background  was  flushing  and  paling.  Sumbal  saw  it  in  several 
cases  of  his  series,  and  more  recently  I  have  not  failed  to  see  it  unmistak- 
ably in  any  case,  providing  that  the  field  of  observation  changed  its  depth 
of  colour  in  systole.  It  seems  to  me  that  Boas  has  failed  to  detect  the 
pulsation  in  many  instances  in  which  it  was  actually  occurring. 

It  is  to  be  said  at  once  that  pulsation  in  the  capillaries  is  not  always 
easy  to  detect,  often  requiring  the  closest  attention  and  prolonged 
examination.  No  statement  that  pulsation  of  cai^illary  contents  is  absent 
is  safe,  at  the  least  until  the  flow  is  clearly  seen  and  determined  to  be  uniform  ; 
thus,  in  the  skin  vessels  of  the  arm,  as  usually  examined  by  placing  a  drop 
of  cedar  wood  oil  or  other  highly  refractile  oil  on  the  skin,  it  is  only  the  tops  of 
comparatively  few  of  the  existing  capillary  loops  which  are  actually  seen, 
and  in  these  it  is  rarely  possible  to  view  the  actual  blood  flow.  In  such  it 
is  quite  impossible  to  exclude  pulsation  of  the  contents.  When  it  is  at  first 
thought  absent,  it  often  may  be  displayed  by  particular  attention  to  method. 
Frequently  a  much  deeper  view  of  the  skin  may  be  obtained  by  first 
dehydrating  the  skin  with  absolute  alcohol,  appljang  cedar  wood  oil 
subsequently.  In  the  case  of  the  arm  this  often  suffices  to  bring  the  afferent 
and  efferent  hmbs  of  deeper  capillaries  into  view  and  to  display  the  flow  in 
them.  Spontaneous  capillary  pulsation  in  the  skin  of  the  arm  is  a  very 
rare  event  and,  as  it  is  beside  the  present  point  to  discuss  whether  pulsation 
in  the  capillaries  occurs  where  cHnical  pulsation  is  not  visible — a  point  too 
frequently  neglected  in  the  reports  of  previous  workers — some  means  of 
inducing  it  in  the  forearm  is  required.  This  may  be  accompUshed  by 
stroking  the  arm  or  rubbing  it  ;  but  such  pulsation  is  too  fleeting  to  be  of 
much  value.  An  effective  method  is  to  apply  a  blister,  removing  the  horny 
layer  completely,  and  to  maintain  the  surface  so  exposed  greased  when  not 
under  observation.  This  method  gives  an  unrivalled  view  of  the  vessels 
and  circulation  in  the  skin  ;  it  is  suitable  for  studying  the  anatomy  of  the , 
skin  vessels,  but  is  unsuitable  for  studying  their  physiology,  owing  to  the 
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preliminary,  tliough  mild  inflammatory  reaction.  It  is  eminently  suited 
to  the  study  of  capillary  pulsation,  and  I  have  used  it  frequently.  The 
blister  produces  the  required  redness  of  the  area  affected,  clinical  pulsation 
persisting  for  several  daj's  and  after  the  flush  in  the  surrounding  skin  has 
subsided. 

In  instances  of  faint  clinical  pulsation,  it  may  be  necessary  to  search 
numerous  capillaries  before  the  pulsation  is  seen  ;  in  many  there  may  be 
stasis,  temporary  or  permanent  and  consequent  upon  the  pressure  exerted  ; 
in  others  there  may  be  what  is  apparently  uniform  flow  ;  in  yet  others,  may 
be  isolated  or  in  groups,  pulsation  may  be  occurring  quietly  or  vigorously. 
In  capillaries  in  which  the  flow  is  very  rapid,  and  this  is  frequent,  it  is  well- 
nigh  impossible  to  exclude  pulsatile  flow.  In  examining  such  it  is  necessary 
to  alter  the  pressure  exerted  ujjon  them  and  to  re-examine  the  movements 
of  the  blood  column  when  tliis  is  restrained.  In  the  skin  of  the  cheek  very 
few  of  the  existing  capillaries  can  be  seen  sufficiently  clearly  to  determine 
flow,  and  in  this  area  therefore  the  question  cannot  always  be  settled,  though 
here  again  I  have  frequently  seen  pulsation  in  isolated  capillaries.  There  is 
little  or  no  doubt  in  my  mind  that  the  chnical  jjulsation  of  aortic  disease  is 
always  associated  mth  pulsatile  flow  in  the  capillaries,  wherever  it  may 
occur.  The  detailed  change  in  the  vessels  described  by  Sumbal  I  can  fully 
confirm,  and  can  add  that,  by  suitably  grading  the  pressure  in  cases  of  vivid 
pulsation  of  the  fingers,  I  have  repeatedly  seen  every  capillary  loop  in  a  wide 
field  springing  into  view  with  each  pulse  of  the  arteries,  to  disappear  almost 
completely  or  entirely  in  diastole.  In  such  circumstances,  where  as  in  the 
fingers  the  capillaries  are  numerous  and  densely  set,  the  contribution 
of  the  capillaries  to  chnical  pulsation  must  be  material,  particularly  since 
these  are  the  most  superficial  blood  vessels  of  the  skin  and  hence  least  veiled 
by  intervening  tissue.  But  I  am  in  agreement  with  Boas  that  clinical 
pulsation  does  not  arise  solely  from  the  capillary  factor,  and  am  able  to 
substantiate  his  suggestion  that  the  venules  contribute,  having  actually 
witnessed  pulsation  in  these  on  many  occasions. 


Involvement  of  veins  and  venules  in  the  pulsation. 

In  his  classical  experiments  on  the  submaxillar}'  gland,  Claude  Bernard^ 
described  how  on  stimulating  its  nerve,  the  blood  issuing  from  the  gland 
increases  in  quantity  and  changes  its  colour  from  black  to  red  ;  it  spurts  from 
the  cut  vein  in  gushes  which  synchronise  with  the  jjulse.  This  pulsation  in 
flow  is  probably,  though  it  is  not  necessarily,  transmitted  from  arterioles  to 
veins  via  the  capillaries  ;  in  an  encapsulated  gland  each  arterial  pulsation 
will  raise  the  intraglanular  pressure  and  force  blood  out  of  veins.  A  similar 
hesitation  occurs  in  finally  interpreting  Quincke's  observation^' ;  he  observed 
centripetal  pulsation  in  the  veins  of  his  own  hand  when  the  last  was  much 
swollen  by  heat. 
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Pulsation  of  veins  in  aortic  disease  is  most  readily  to  be  seen  in  the 
small  venules  lying  superficially  in  the  skin  of  the  cheeks  and  nose  ;  these 
veins  swell  in  systole.  Where,  as  in  cases  of  free  aortic  regurgitation,  the 
colour  of  the  face  changes  spontaneously  with  each  pulse  beat  or  pulsates 
vividly  on  pressure,  pulsation  in  these  small  venules,  themselves  placed  under 
suitable  pressure  though  sometimes  without  pressure,  can  almost  always  be 
recognised  both  macroscopically  and  microscopically.  I  have  seen  this 
phenomenon  in  a  large  number  of  aortic  cases,  but  its  meaning  cannot  often 
be  interpreted  decisively.  The  venule  swells  in  systole.  Under  the 
microscope  the  direction  in  which  the  cxirrent  flows  in  these  veins  is  often 
though  not  always  determinable.  When  determined  I  have  seen  no  exception 
to  the  rule  that  the  sharp  pulsatile  movement  is  in  the  direction  of  the 
current,  suggesting  its  peripheral  origin  ;  in  a  few  instances  capillaries  have 
been  traced  into  such  venules  and  systolic  pulsation  in  the  last  has  been 
traced  into  the  venule  itself.  Usually,  however,  the  tributaries  of  these  venules 
cannot  be  clearly  traced,  and  it  is  often  seen  that  there  are  large  vertical 
channels  of  anastomosis  with  vessels  lying  deeper  ;  pulsation  may  be  seen 
in  the  mouths  of  these  anastomoses,  and  sometimes  there  is  the  impression 
that  blood  is  forced  towards  the  surface  from  deeper  parts  during  systole. 
If  this  is  so,  it  may  be  a  displacement  phenomenon,  comparable  to  that 
which  has  been  suggested  as  possible  in  the  case  of  the  sulimaxillary  gland. 
But  I  am  inclined  to  think  it  is  not  so,  but  that  it  is  but  an  impression  gained 
from  swelling  of  the  vein  and  rhythmic  darkening  of  the  mouth  of  the  vertical 
vessel.  The  conjunctival  vessels  have  also  been  stutUed  in  a  number  of  patients 
because,  on  the  background  of  the  white  sclerotic,  the  flow  of  blood  in  all 
the  small  vessels  is  seen  to  great  advantage.  Not  much,  however,  has  been 
gained  by  this  study.  In  most  of  the  venules  the  flow  is  apparently  uniform  ; 
but  pulsation  on  the  eyeball  has  not  been  witnessed  macroscoijically.  In  a 
few  instances  pulsatile  blood  flow  has  been  seen  distinctly  in  capillaries, 
transmitted  from  minute  arterioles  supplying  them,  and  on  occasion  such 
pulsation  has  extended  a  httle  way  into  a  collecting  venule.  Once  or  twice 
pulsation  has  been  seen  in  a  larger  venule  and  then  always  in  the  direction 
of  the  current.  With  these  few  exceptions  the  observations  have  been 
unconvincing  however,  they  are  at  all  times  trying  to  the  observer,  since  it  is 
almost  impossible  to  ehminate  the  little  jerk  of  the  whole  field  with  each 
beat  of  the  heart,  and  this  jerk  comes  at  a  critical  instant,  when  attention 
must  be  focussed  most  sharply  on  the  events  inside  the  vessels. 

To  display  pulsation  in  the  smallest  veins  in  areas  showing  the  clinical 
capillary  pulse,  the  blister  method  is  the  most  reliable  ;  it  has  been  used  on 
the  forearm  and  in  the  skin  cUrectly  above  the  nail  bed.  The  following 
observations  are  sufficiently  illustrative. 

D.  L.,  a  man  of  27  years,  suffered  from  enlargement  of  the  heart,  free 
aortic  regurgitation  and  subacute  infective  endocarditis,  from  which  he 
subsequently  died.  The  blood  pressures  in  the  arm  were  132  (systohe)  and 
55  (diastolic).     The  palm  of  the  hand,  when  held  up,  jjrcsented  spontaneous 
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capillary  pulsation  of  an  unusually  vivid  kind  ;  on  pressing  a  glass  plate 
against  the  pads  or  sides  of  the  fingers,  or  against  the  skin  above  the  nail 
bed,  vivid  capillary  pulsation  was  to  be  seen  ;  at  certain  pressures  in  the  last 
area  the  skin  changed  rhythmically  from  a  full  red  to  white.  Pulsation  in 
the  digital  arteries  was  forcible.  The  sldn  at  the  base  of  the  nail  of  the  ring 
finger  was  bhstered  and  a  few  hours  afterwards  the  blister  rose.  The  skin 
covering  the  blister  extended  as  far  as  the  nail  ;  it  was  removed  and  the 
underlying  layer  cleaned  and  anointed  with  hquid  paraffin.  This  area  was 
examined  on  the  same  day  and  on  the  3rd  day  ;  similar  events  being  seen 
on  both  occasions.  The  following  account  is  abstracted  from  the  notes. 
To  the  naked  eye  the  bhstered  area  has  the  redness  usual  to  a  raw  surface 
and,  uncompressed,  faint  pulsation  is  visible  in  it.  Under  the  microscope 
the  horizontal  capillary  loops  at  the  base  of  the  nail  are  fully  displayed,  as 
are  the  short  collecting  venules  and  considerable  portions  of  the  larger 
venules  into  which  these  open.  The  arterioles,  each  supjjlying  one  or  more 
capillary  loops,  are  also  clearly  to  be  distinguished  (see  Fig.  4).  The  blood 
is  seen  to  pidsate  in  the  capillaries  and  here  and  there  in  the  short  collecting 
venules,  but  the  current  is  rapid  and  the  events  difficult  to  define  accurately. 
A  glass  slide  is  fixed  to  exert  a  very  Uttle  pressure  on  the  area  immediately 
behind  this,  and  to  produce  a  small  area  of  pallor.  Macroscopic  pulsation  at 
once  becomes  vivid.  On  examining  this  pulsation  microscopically  the  loops 
of  capillaries  are  seen  to  run  almost  vertically,  both  the  afferent  and  efl^erent 
Umbs  of  all  these  capillary  loops  swell  up  at  each  systole  and  most  of  them 
disappear  entirely  in  diastole  ;  when  the  capillaries  flush,  the  network  of 
venules  deep  to  them  springs  into  view,  disappearing  at  each  diastole  or 
becoming  indistinct.  The  background  of  this  venous  network  does  not  seem 
to  change  its  colour.  Examining,  under  like  pressure,  the  vessels  at  the 
immediate  base  of  the  nail,  similar  events  are  witnessed,  though  here  only  a 
proportion  of  the  capillaries  disappear  from  view  in  diastole.  It  is  in  this 
region  of  the  skin  that  both  the  arteriole  and  venous  connections  of  the 
capillary  loops  are  most  clearly  distinguishable,  and  in  all  parts  of  the  visible 
system,  of  which  Fig.  4  depicts  a  portion,  the  blood  current  is  discernible 
without  break.  Blood  is  seen  to  pulse  up  the  arteriole,  throughout  the  whole 
loop  and  to  descend  and  distend  the  short  collecting  venules  and  the  larger 
venules  into  which  these  open  at  each  systole.  When  the  pressure  has  been  a 
little  increased,  the  larger  venules  and  portions  of  the  small  collecting  venules 
disappear  and  the  blood  now  pulsates  from  the  arterioles  into  the  capillary 
loops  (afferent  and  efferent  limbs),  but  only  a  little  circulates  through  them. 
If  the  pressure  is  released  again  the  circulation  once  more  becomes  active, 
and  jets  of  blood  force  their  way  further  and  further  down  the  short  collecting 
venules  into  the  larger  venules,  which  simultaneously  fill  and  j^ulsate. 
Pulsation  may  be  seen  in  the  collecting  venules  when  it  is  not  to  be  seen  in  the 
larger  venules  into  which  the  latter  open  ;  it  is  never  seen  in  the  larger 
venules  when  absent  in  the  corresponding  collecting  venules.  The  pulsation 
is  systolic  in  all  parts  of  the  system  and  is  invariably  in  the  natural  direction 
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of  the  blood  flow.  The  pulse  is  a  single  one  transmitted  from  arteriole, 
through  capillary  loops  into  venules.  When  the  pressure  of  the  glass  is 
increased  so  as  to  obUterate  the  larger  venules,  the  blood  current  for  a  short 
while  becomes  reversed  in  the  capillary  loops,  which  continue  to  pulsate  ; 
but  the  pulsation  is  now  directed  against  the  flow,  and  is  confined  to  the 
arteriole  and  capillary  loop.  A  small  portion  of  a  field  is  accurately  depicted 
in  Fig.  4,  the  arrows  showing  the  natural  direction  of  the  blood  current. 
Similar  events  were  watched  in  other  parts  of  the  same  nail  bed. 

G.  R.,  a  man  of  49  years,  suffered  from  syphihtic  aortitis,  enlargement 
of  the  heart,  and  free  regurgitation  at  the  aortic  valve.  The  brachial  blood 
pressures  were  210  (systohc)  and  70  (diastolic).  Capillary  pulsation  was 
visible  to  the  naked  eye  on  pressing  a  glass  sheet  on  various  parts  of  the  palm 
of  the  hand,  in  the  pads  of  the  fingers  and  at  the  base  of  the  nail.  On 
stroking  the  forearm  firmly,  pulsation  ajjpeared  in  the  red  line  subsequently 
developed  there.  The  forearm  was  blistered  over  a  small  area,  the  blister 
skin  removed  and  the  skin  examined  on  the  3rd  day  under  Uquid  paraffin. 
In  the  skin  outside  the  bhstered  area,  the  tops  of  widely  separated  capillary- 
loops  could  be  seen,  and  no  more  than  this.  On  turning  to  the  bare  area, 
a  clear  view  was  obtained  of  the  whole  capillary  system  with  its  collecting 
venules  and  portions  of  the  subpapillary  venous  plexus  ;  other  portions  of 
the  subpapillary  plexus  were  more  cUmly  seen  (Fig.  5).  The  arterioles 
supplying  the  capillaries  were  thread-like.  In  the  figure  the  vessels  are 
shown  in  different  shades,  the  darkest  representing  tlie  most  superficial  and 
the  lightest  the  deepest  vessel.  Of  the  vascular  system  here  represented,  only 
the  two  dark  and  adjacent  loops  in  the  lower  and  central  portion  of  the 
figure  would  have  been  visible  in  the  unbUstered  skin  ;  the  remaining 
capillaries,  taking  a  deeper  course,  and  running  more  parallel  to  the  skin 
surface,  would  also  have  remained  hidden,  as  would  the  collecting  venules.* 
Capillaries  lying  deeper  still  and  seemingly  on  a  level  with  the  collecting 
venules  occurred  here  and  there,  as  for  example  the  smaU  group  of  fine 
vessels  emerging  from  the  arteriole  to  the  extreme  left  in  Fig.  5.  The  natural 
direction  of  blood  flow  in  the  vessels  is  indicated  with  arrows  in  Fig.  5  where- 
ever  it  could  be  recognised  unmistakably.  The  deepest  visible  vessels  were 
hazy  and  in  these  the  direction  of  flow  could  not  be  determined,  neither  could 
pulsation  be  seen  in  them  or  in  the  background.  In  all  the  remainder  of  this 
system  pulsation  of  the  blood  contents  was  witnessed  under  a  pressure 
sufficient  to  produce  shght  paUng  of  the  skin  and  shght  pulsation  macro- 
scopically.  As  in  the  preparation  last  described,  but  in  the  present  one 
especially,  the  velocity  of  flow  in  the  arterioles  greatly  exceeded  that  in  the 
capillaries  and  venules.  The  pulsation  was  always  transmitted  in  the 
direction  of  natural  flow  and,  decreasing  in  magnitude  as  it  travelled  through 
capillaries  and  collecting  venules,  was  lost  to  vision  in  these  or  in  the  plexus 
veins.    In  this  preparation  and  in  others  pulsation  in  the  venules  has  been 

*  In  some  forearms  they  are  dimly  visible. 
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seen  from  time  to  time  and  under  certain  pressures,  while  in  overlying 
capillaries  flow  has  been  absent  or  seemingly  uniform  ;  but  these  overlying 
capillaries  were  in  such  cases  not  the  sole  tributaries  of  the  underlying  venules; 
in  examples  of  this  kind  the  pulsation  in  the  venules  has  also  been  in  the 
natural  direction  of  blood  flow  and,  when  such  venules  could  be  traced  fully 
to  their  sources,  pulsating  caj^illaries  have  always  been  found. 

Recently  in  a  patient  having  free  aortic  regurgitation  and  a  thin  skin 
above  the  nail  bed,  by  first  soaking  the  skin  with  alcohol  and  subsequently 
applying  cedar  wood  oil,  the  main  events  here  described  have  been  seen  also 
in  the  unblistered  finger. 

Thus,  there  is  no  doubt  from  observations  on  the  cheek  and  skin  of 
the  limbs  that  "  capillary  jjulsation  "  is  contributed  to  by  the  venules,  and 
that  often  the  part  played  by  the  venules  is  no  small  one  ;  especially  is  this 
the  case,  as  Boas  has  supposed,  in  the  skin  areas  where  capillaries  are 
relatively  scanty,  as  in  the  cheek  and  forearm  ;  in  the  last  instance,  however, 
it  is  to  be  stated  that  numerically  the  capillaries  in  the  skin  of  the  forearm 
are  under-estimated  in  Tiev.ing  these  simply  by  Lombard's  method.  The 
capillaries  themselves  play  a  larger  part  in  producing  the  phenomenon  in  the 
lips  and  in  those  skin  areas,  such  as  the  ventral  surface  of  the  hands,  which 
are  ridged. 

There  seems  to  be  no  doubt  that  pulsation  such  as  can  be  seen  in  the 
venules  of  the  hand  and  arm,  is  a  pulsation  transmitted  to  the  veins  via  the 
capillaries.  If,  as  has  been  supposed,  pulsation  may  be  transmitted  to  the 
venules  through  the  arteriole-venule  anastomoses  described  in  the  deeper 
layers  of  the  skin  by  Sucquet'*,  Hoyeri^  and  Grosser^",  it  would  be  expected 
that  pidsation  in  a  direction  opposite  to  the  blood  stream  in  the  venules,  and 
pulsation  confined  to  the  efferent  side  of  the  capillary  loojis,  would  occur. 
Such  has  never  been  seen,  and  my  experiences  as  a  whole  are  manifestly 
opposed  to  the  supposition  that  capillary  pulsation  is  conveyed  from  the 
veins  to  capillaries.  The  anastomoses  in  question  are  known  definitely 
to  exist  in  the  skin  of  the  hand  and  foot  only,*  and  in  these  they  are  confined 
or  almost  confined  to  the  ends  of  the  digits.  Capillary  pulsation  can  occur 
in  any  part  of  the  skin  of  the  body.  I  conclude,  therefore,  that  these 
anastomoses  play  no  jiart  in  inducing  clinical  capillary  pulsation. 

Capillary  pulsation  in  the  heated  skin  of  nortnal  subjects. 

If  the  nail  bed  of  a  young  normal  subject  is  exposed  to  an  unguarded 
light,  and  warmed  until  local  throbbing  is  felt  by  the  subject  and  pulsation 
is  visible  on  pressing  the  skin,  the  microscope  reveals  a  pulsatile  blood  flow 
in  the  capillaries  which  is  in  every  detail  similar  to  though  less  extensive 
than  that  seen  in  aortic  disease. 

*  Surqiiet  desciiljcd  tliem  in  many  otlier  parts  of  the  body,  but  later  workers  liave  failed  to 
confirm  liiiu. 


178  T .     L  E  W  I S . 

OUnical  pulsation  as  a  trans  milted  j)hen.omenon. 

Jiirgensen^^  states  that  clinical  capillary  pulsation  is  seen  in  many  cases 
of  arteriosclerosis  exhibiting  high  blood  pressure,  but  that  in  none  of  these 
could  he  observe  pulsation  in  the  capillary  flow  microscopically.  He  beUeves 
apparently  that  the  clinical  pulsation  is  in  these  transmitted  from  the  digital 
arteries  and  arterioles,  and  is  due  to  movement  of  the  whole  field.  The  same 
idea  has  been  expressed  in  regard  to  instances  of  chnical  jjulsation  in  aortic 
disease  by  several  workers^  *  *.  It  appears  to  me  that  jjulsation  so  arising 
would  consist  of  a  pahng  of  the  capillaries  and  venules  in  systole,  these  vessels 
being  squeezed  between  the  expanding  arteries  and  arterioles  and  the  glass  ; 
I  have  never  seen  paling,  in  systole,  and  confess  to  scepticism  that  cUnical 
capillary  pulsation  ever  arises  in  this  way.  I  have  examined  the  lip  or  finger 
nail  bed  in  two  cases  of  arterial  disease  and  high  blood  pressure  such  as 
Jiirgensen  described  ;  these  cases  presented  slight  but  definite  clinical 
pulsation,  and  in  both  pulsation  of  the  capillary  flow  was  quite  chstinct. 
There  appears  to  be  no  sufficient  basis  at  present  upon  which  to  divide  cases 
of  cUnical  capillary  pulsation  into  two  distinct  classes  ;  and  the  evidence,  as 
it  now  stands,  seems  to  warrant  us  in  concluding  that  in  all  instances  of 
cUnical  cajMllary  pulsation  the  capillaries  are  directly  involved  and  that  the 
rhythmical  change  of  colour,  seen  macroscopically,  is  always  due  to  pulsatile 
flow  in  the  minute  vessels  of  the  skin,  involving  always  the  capillaries,  and 
perhaps  always  involving  through  these  the  collecting  venules  and  the 
venules  of  the  subpapillary  plexus. 

Appended  notes  on  skin  temperature. 

(Observations  in  collaboration  with  Dr.  E.  P.  Wolf.) 

A.  Method.  To  test  skin  temperatures  we  have  used  a  simple  form 
of  thermo-electric  couijle.  This  was  made  for  us  by  Professor  A.  V.  Hill, 
to  whom  we  are  also  indebted  for  hints  as  to  its  proper  use.  Each  junction 
consists  of  a  circular  plate  of  silver  foil,  6  mm.  in  diameter  ;  to  this  plate 
two  fine  and  insulated  wires,  one  of  copper  and  the  other  of  constantan,  are 
soldered  and  the  plate  is  cemented  to  the  flat  end  of  a  vulcanite  rod 
(Fig.  1) ;  the  two  wires  arc  carried  up  the  rod  and  bound  to  it  with  silk,  the 
whole  junction  being  subsequently  coated  with  insulating  varnish.  The 
vulcanite  rod  serves  as  a  handle.  The  two  junctions  are  connected  together 
and  to  a  mirror  galvanometer  of  suitable  sen.sitivity.  One  junction  is  kept  at 
a  constant  temperature  (at  about  30°C.)  in  a  thermos  flask,  the  other  is 
apphed  to  the  skin  which  it  is  desired  to  test  (Fig.  1).  The  deflection  of  the 
galvanometer  is  read  and  the  reading  subsequently  converted  to  centigrade 
temperature  by  caUbrating  the  instrument.  We  have  used  the  galvanometer 
at  such  sensitivities  as  yield  deflections  of  either  6  or  18  scale  divisions  to 
each  1°  of  centigrade  temperature. 
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Fig.  1.     A  diagram  sliowing  tlie  general  arrangement  of  the  thennal  couple  wlien  in  use,  ami  a 
diagraimnatic  section  of  one  thermal  junction  (enlarged). 


Wlien  the  te.sting  junction  at  room  temperature  is  placed  on  one  small  area 
of  warm  skin,  the  spot  of  light  shows  a  large  and  rapid  excursion  occupying 
5  or  6  seconds  ;  subsequently  the  spot  of  light  moves  much  more  slowly  in 
the  same  direction  and  finally  becomes  stationary  in  about  15  or  20  seconds. 
The  time  of  the  first  rapid  deflection  is  controlled  by  the  period  of  the  mirror 
galvanometer,  and  diminishes  as  the  excursion  is  less.  The  slower  after- 
movement  is  due  to  warming  up  of  the  skin  under  the  contact.  This  warming 
up  of  the  skin  is  not  due  in  any  considerable  measure  to  covering  of  the  skin 
and  a  consequent  retention  of  heat,  but  to  the  fact  that  when  the  silver  plate 
at  room  temperature  is  placed  on  the  warm  skin  it  cools  the  skin,  and  the 
subsequent  change  is  due  to  the  skin  returning  to  its  original  temperature. 
Tliis  can  be  shown  by  moving  the  contact,  when  the  beam  of  light  has  attained 
its  final  and  stationary  position,  to  an  adjacent  skin  area  ;  in  general  the 
same  final  reading  is  then  obtained  and  is  obtained  almost  immediately. 
To  obtain  accurate  and  quick  readings,  the  junction  should  be  in  contact 
with  the  tested  skin  for  as  short  intervals  as  possible  ;  the  time  of  contact  is 
controlled  by  the  duration  of  the  beam's  swing  ;  by  shortening  the  time  of 
contact,  change  in  skin  temperature,  due  either  to  covering  of  the  skin,  or  to 
the  sUght  pressure  of  contact  interfering  with  the  superficial  vessels,  is 
avoided.  The  procedure,  therefore,  is  fully  to  warm  the  contact  on  an 
adjacent  area  or  areas  of  skin,  and  to  move  it  quickly  to  its  final  position. 
The  actual  reading  is  then  obtained  in  1  or  2  seconds. 
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B.  Skin  temperature  and  degree  of  capillary  pulsation  related  in  aortic 
disease.  The  temperatures  of  the  face,  hands  and  foot  have  been  taken  in 
7  patients  suffering  from  free  aortic  regurgitation.  These  patients  came  in 
moderately  cold  weather  from  airy  wards  or  from  an  out-patient  department, 
having  to  pass  through  the  open  air  before  arriving  at  the  examination  room, 
the  temperature  of  wliich  was  at  or  about  20°C..  On  arrival,  parts  of  the 
exposed  skin  were  always  cold  or  cool  to  the  touch  and  remained  so  for  5  or 
10  minutes,  before  becoming  warm.  The  temperature  readings  were  taken 
at  once  and  while  the  skin  presented  different  temperatures  in  different 
places.  The  details  of  all  these  examinations  need  not  be  given  ;  the 
following  is  an  illustration.  A  man  of  42  years,  suffering  from  free  aortic 
regurgitation,  was  found  to  have  a  blood  pressure  of  170  (systolic)  and  85 
(tliastohc)  ;  his  rectal  temperature  was  37-6°C..  Table  IV  summarises  the 
observations  on  his  skin,  and  shows  clearly  how  the  intensity  of  pulsation 
increases  as  we  pass  from  a  colder  to  a  hotter  skin  area. 


TABLE  IV  (No.  4  of  TABLE  V). 


Lobe  of  right  ear 

Bed  of  finger  niiil 

Side  of  nose 

Pad  of  finger 

Pad  of  big  toe 

Heel 

Right  cheek 

Pad  of  big  toe  after  massage   . . . 

Forehead     ... 

Left  cheek 

Right  cheek  (later)    ... 

Lower  lip,  facial  mucous  membrane 
Lobe  of  right  ear  after  massage 


Capillary  pulse. 

Temp,  (cent.) 

none 

23-4° 

none 

26-8° 

none 

26-8° 

none 

28- 1° 

none 

28-1° 

none 

28-5° 

slight 
distinct 

28-9° 
31-2° 

very  distinct 

320° 

(spontaneous) 
very  distinct 

32-6° 

(spontaneous) 
very  distinct 

33-6° 

(spontaneous) 
vivid 

34-7° 

vivid 

35-5'' 

A  summary  of  the  observations  upon  the  7  cases  is  given  in  Table  V. 
The  skin  areas  are  grouped  in  this  table,  according  to  the  degree  of  pulsation 
shown  in  them  and  are  related  to  temperature.  The  average  temperature 
values  (in  brackets)  show  the  relation  with  particular  clearness.  The 
maximal  and  minimal  readings  also  disj^lay  the  relation,  though  discrepancies 
occur  here  and  there.  The  cUscrepancies,  most  of  which  are  minor  dis- 
crepancies, may  arise  in  one  of  several  ways  ;  there  is  often  difficulty  in 
judging  the  grade  of  pulsation  sufficiently  closely  to  class  it  accurately  ; 
the  skin  covering  different  parts  of  the  body  is  compared  and  the  tem- 
perature at  which  capillary  pulsation  first  appears  is  not  the  same  for  all 
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jmrtsi  ;*  and  lastly,  i)ulsation  when  distinct  is  sometimes  confined  to  a 
smaller  areas  than  that  covered  by  the  testing  plate  of  metal.  Grouping  these 
cases  of  free  aortic  regurgitation  together  and  speaking  of  the  skin  of  the  face, 
fingers  and  sole  of  the  foot,  the  following  broad  conclusions  may  be  drawn. 
Capillary  pulsation  is  rarely  seen  in  the  skin  if  its  temperature  is  below  28°C!.. 
Slight  pulsation  is  usually  found  when  the  temjjcrature  lies  between  about 
28°  and  30°  ;  distinct  or  very  distinct  ^ndsation  when  it  lies  between  about 
31°  and  33°;  and  very  distinct  or  vivid  pulsation  when  it  lies  between 
about  33°  and  35°. 

C .  Skin  lemperatures  of  normals  and  aortic  cases  compared .  A  comparison 
of  absolute  skin  temjierature  in  different  individuals  is  somewhat  more 
precarious  than  is  a  comjiarison  of  the  temperature  of  different  skin  areas 
in  the  same  individual.  It  is  clearly  of  importance  in  attemjjting  the  first 
to  maintain  external  conditions  as  constant  as  possible.  A  grouj)  of  male 
aortic  cases  and  a  group  of  male  controls  has  been  examined  in  a  room  ke])t 
at  a  temperature  of  17°C.;  the  room  has  been  well  ventilated,  but  the  well- 
clad  patient  has  been  placed  out  of  draught  and  maintained  lying  until  the 
readings  of  skin  temperatures  have  become  constant.  One  or  more  aortic 
cases  and  one  or  more  controls  have  been  examined  at  a  sitting  and  under 
similar  conditions.  Readings  have  been  taken  from  the  forehead,  both 
cheeks,  the  chin  and  the  side  of  the  nose,  and  this  group  of  readings  averaged 
for  comparison.  Readings  of  the  lip  and  rectal  temperatures  have  been 
added  and  are  shown  in  Table  VI.  These  aortic  cases  were  selected  as 
examples  in  which  mean  blood  pressure  is  judged  to  have  been  near 
or  below  normal  and  they  are  arranged  in  the  approximate  order  in  which 
they  displayed  capillary  pulsation  in  the  facial  skin  as  a  whole.  These 
readings  may  be  compared  with  those  shown  by  the  group  of  controls 
(Table  VII).  The  average  rectal  temperature  proves  to  be  the  same  in  the 
two  groups;  the  average  temperature  of  the  facial  skin  is  1°C.  higher 
in  the  aortic  than  in  the  control  group  ;  the  figures  being  32-9°  and  31-9°, 
respectively.  A  rise  of  facial  skin  temperature  of  1°  from  an  original 
level  of  31-9°  in  a  given  patient  is  apparently  brought  about  only  by  a  con- 
spicuous increase  of  blood  flow  (see  sections  G,  H  and  I).  Perhaps  the  most 
correct  view  of  the  difference  is  obtained  by  stating  that  in  the  control  group 
the  facial  skin  falls  short  of  rectal  temperature  by  5-3°C.,  while  in  the  aortic 
cases  the  difference  is  narrowed  to  4-3°C..  The  temperature  of  the  mucous 
membrane  of  the  lower  lip  in  the  two  series  shows  an  even  more  notable 
difference,  being  4-8°  below  the  rectal  temjierature  in  the  controls  and  only 
2-5°  below  in  the  aortic  cases.     We  realise  that  a  comparison  between  two 

*  Not  infrequently  there  is  a  dist-repanpy  between  the  skin  of  foreliead  and  cheek  ;  often 
the  skin  of  the  forehead  is  slightly  warmer  tlian  that  of  the  cheeks,  yet  in  these  circiiinstances  the 
cheeks  may  often  show  pulsation  more  clearly  than  does  the  forehead.  The  cheeks  are  usually 
redder  than  the  forehead,  the  venules,  whicli  participate  in  the  pulsation,  being  more  prominent. 
The  arrangement  of  tlie  minute  vessels  evidently  influences  the  degree  of  pulsation. 
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TABLKS  VII. 
6  healthy  mnlrols. 


No 

1. 

2. 

3. 

4. 

.-,. 

0. 

Averages. 

Age 

35 

47 

42 

38 

33 

62 

I^il" 

34-1° 

SZO" 

34-7° 

33-2° 

34-2° 

34-8° 

32-4° 

Furoliedd     ... 

31-6° 

31.4» 

33-6° 

320° 

331° 

32-8° 

32-4° 

Clieeks 

31-3° 

29-7° 

33-5° 

32-2° 

33-3° 

32-2° 

32-2° 

Cliin 

32-5  ° 

30-8° 

32-6° 

32-3° 

33-5° 

330° 

32-5° 

Nose 

31-8° 

2(i-7'' 

32- 1° 

28-9° 

330° 

31-4° 

300° 

Average 

31-8° 

29-6° 

32-9° 

31-4° 

33-2° 

32-4° 

31-9° 

Rectal 

37-2° 

37-2'' 

37-0° 

30-8° 

37-6° 

37-2° 

37-2° 

Rectal  minus 
average 

5-40 

7-(i'' 

41° 

,'->-4° 

4-4° 

4-8° 

5-3° 

B.  P. 

1 30,'!(5 

1.54/108 

128/88 

110/ ? 

130/90 

136/95 

C.  P. 

none  to 
distinct 

none  to 
distinct 

none  to 
slight 

none  to 
slight 

none  to 
slight 

none  to 
slight 

Room 

17° 

17° 

17° 

16-8° 

irv8« 

17° 

groups  of  subjects  is  necessarily  somewhat  precarious  ;*  yet  in  view  of  the 
extent  of  the  differences  in  temperature,  and  in  view  of  the  fact  that  in  those 
aortic  cases  whicli  showed  the  most  conspicuous  pulsation  the  temperatures 
of  the  face  were  in  general  liigher,  as  is  evident  in  the  table,  we  regard  the 
observations  as  decidedly  significant,  and  indicative  of  an  enhanced  blood 
flow. 

D.  Skin  lemperalitre  in  general  erythema  of  face  and  neck.  In  an  earlier 
part  of  this  paper  a  young  patient  is  described  (page  158),  who  exhibited 
a  bright  flush  over  the  face  and  neck  ;  though  the  blood  pressures  were 
normal,  this  flushed  skin  presented  a  very  distinct  capillary  pulsation.  This 
patient  and  another  very  similar  instance,  a  man  of  48  years,  have  been 
examined  under  precisely  the  same  conditions  as  have  the  groups  previously 
described.  In  these  two  cases  the  average  facial  temperatures  were  34-4° 
and  34-1°,  respectively  (see  Table  VIII);  they  are  amongst  the  highest 
values  we  have  as  yet  seen  ;  in  one  of  these  cases  the  temperature  of  the 
lip  fell  only  1-8°  below  the  rectal  temperature.  The  blood  pressures  of  these 
two  cases  were  normal,  and  the  temperature  values  obtained  can  be  explained 
only  by  supposing  an  extremel}'  active  blood  flow  to  the  skin  as  a  result  of 
conspicuous  arteriolar  dilatation. 


*  In  two  similar  series  of  cases  examinetl  at  room  temperature  of  20-2 1°C.  we  were  unable 
to  find  any  appreciable  difference  between  the  facial  temperature  of  aortic  cases  and  controls. 
We  discarded  these  results  because  at  this  relatively  high  temperature  capillary  pulsation  was 
too  distinct  in  the  controls  to  make  the  comparison  valuable. 
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TABLE  VIU. 

Facial  erytheuM  (2  cases). 


No. 


Age      ... 
Lip 

Forehead 
Cheeks... 
Chin  ... 
Nose  . . . 
Average 
Rectal  ... 
Rectal  uiiiius 

B.  P.     ... 

C.  P.    ... 
Room  ... 


29 

48 

34-8° 

35-5° 

34-3° 

340° 

34-4'' 

350° 

34-7" 

33-5° 

341° 

33-8° 

34-4° 

34- 1° 

37-3° 

37-3° 

1                            2.9" 

3-2° 

138/88 

13G/95 

distinct  to  very  distinct 
16-7° 


distinct  to  very  distinct 
100° 


E.  Skin  temperature  and  capillarij  pidsation  in  a  case  of  left  cervical 
sympathetic  palsy.  The  patient  described  on  page  169  has  been  re-examined 
at  a  later  date  with  a  view  to  determining  the  facial  temperatures  and 
correlating  these  with  the  degree  of  capillary  pulsation.  On  this  day,  however, 
the  difiference  in  the  size  of  the  pupils,  though  distinct,  was  less  conspicuous 
than  on  the  former  occasion.  The  following  table  sums  up  observations  on 
symmetrical  areas  of  his  facial  skin  and  mucous  membrane  : — 

TABLE  IX. 

Left  cerviad  sympathetic  palsy. 


Left  side. 

Right 

side. 

Temperature. 

Capillary 
pulsation. 

Temperature. 

Capillary 
pulsation. 

Lip  (angle) 

Forehead     

Cheek           

36-.5° 
34-7° 
34-4° 

vivid 
distinct 
V.  distinct 

34-9° 
33-5° 
32-8° 

vivid 
sUght 
slight  to  distinct 

Nose            

340° 

v.  distinct 

32-2° 

slight 

Side  of  chin 
Lobe  of  ear. . . 

34-4° 
35-3° 

distinct 
V.  distinct 

33-4° 
35-2° 

slight 
distinct 

Temple        

Upper  eyelid 

34-5° 
34-2° 

V.  distinct 
slight  to  distinct 

33-4° 

32-8° 

sUght 
sUght 

Averages     ... 

34-7° 

33-5° 

Rectal  temperature 
Blood  pressure 

37-6° 

174  (systoU 

Room  temperatui 
3)  110  (diastoUc) 

e  17° 
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The  average  temperature  of  the  facial  skin  on  the  left  proved  to  be  34-7°,  and 
on  the  right  33  o  °,  a  difference  of  1  •  2  °C. .  The  degree  of  capillary  pulsation  was 
always  greater  in  the  left  than  in  the  corresponding  areas  of  the  right  skin. 
No  difference  in  degree  was  noticeable,  however,  in  the  pulsation  of  the  lower 
lip  ;  it  was  vivid  on  both  sides  at  the  angle  of  the  mouth,  although  the 
temperature  difference  in  the  same  areas  was  1-6°. 

The  average  temperature  of  the  left  face  was  within  2-9°  of  the  rectal 
temperature,  that  of  the  lip  was  within  M  °  of  the  rectal  temperature.  These 
values  are  very  similar  to  those  found  in  the  cases  of  facial  erythema  described 
in  the  last  note.  They  are  probably  compatible  with  a  full,  or  almost  full, 
dilatation  of  the  skin  arterioles. 

F.  Temperature  of  local  lesions.  Reference  has  been  made  to  the 
appearance  of  capillary  pulsation  or  of  an  enhanced  pulsation  in  local  lesions 
of  the  skin,  such  as  infected  cuts,  acne  pustules,  herpes  labialis,  etc..  We 
have  thought  it  worth  while  to  compare  the  temperature  of  such  skin  areas 
with  that  of  the  immediately  surrounding  skin.  The  results  are  expressed 
in  the  following  table  : — 


Age. 

Lesion. 

Site. 

Average  temperatures. 

Differ, 
ence. 

Subject. 

Afiected 
skin. 

Unaffected 
skin. 

Cjipillavy 
IHilsation. 

Normal 

20 

acne 

Up 

35  8° 

351° 

0-5° 

Vivid  in  lesion,  dis- 
tinct in  surround- 
ing skin. 

Normal 

20 

acne 

cliin 

34-2° 

33-7° 

0-5° 

Distinct  in  lesion, 
si.  in  surround- 
ing skin. 

Aortic 

30 

small 

infected 

cut. 

cliin 

330° 

32-3° 

0-7° 

Vivid  in  lesion , 
none  in  surround- 
ing skin. 

Aortic 

46 

acne 

neck 

32-8° 

32-4° 

0-4° 

Vivid  in  lesion, 
si.  in  surround- 
ing skin. 

Aortic 

41 

cut 

cheek 

33-4° 

32-3° 

11° 

V.  vivid  in  lesion, 
si.  in  surrounding 
skin. 

Aortic 

39 

acne 

neck 

32-4° 

31-9° 

0-5° 

Vivid  in  lesion, 
none  in  surround- 
ing skin. 

These  obser\'Htions  were  made  on  cases  at  room  temperatures  varjing  up  to  21°  C,  and  the 
readings  of  difleieiit  cases  are  not  comparable  with  each  other.  Rectal  temperatures  were  not 
ttiken. 
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G.  Temperature  rise  in  urticaria  factitia.  The  vascular  factors  involved 
in  dermatographic  wheals  have  been  described  in  a  preceding  article  in  this 
number  of  the  Journal.  It  is  known  that  the  arterioles  become  dilated  in  the 
area  of  skin  stroked,  and  that  the  surrounding  flush  is  due  to  this  widening 
of  the  vessels.  In  that  article  it  was  judged  that  the  blood  flow  to  skin,  on 
wliich  stroking  produces  a  full  wheal  in  3  minutes,  must  be  increased  many 
times  above  normal.  Because  the  wheal  and  the  surrounding  erythema  present 
capillary  pulsation,  and  because  in  some  instances  of  this  reaction  the  arteriolar 
dilatation  is  probably  as  great  as  it  ever  is  in  the  human  skin,  we  have  been 
interested  in  ascertaining  the  actual  rise  of  temi^erature.  It  has  been  stuched 
in  three  separate  cases,  and  the  results  have  been  very  uniform.    The  skin, 
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Fig.  2  A  chart  showing  the  change  in  temperature  of  the  skin  after  stroking  it  heavily.  From 
a  case  of  urticaria  factitia.  Rectal  temperature  37-6°.  The  divided  ciicles  represent  the 
temperature  of  the  skin  of  the  back  before  stroking  and  were  taken  in  part  from  the  area  to 
be  stroked  and  in  part  from  that  subsequently  used  as  the  control  area.  The  arrow  indicates 
the  time  of  stroking  and  the  plain  and  black  circles  represent  the  subsequent  temperature 
of  the  skin  immediately  bordering  the  line  of  stroke  and  of  the  control  skin,  respectively. 

usually  that  of  the  back,  has  been  exposed  for  some  while  to  a  steady  room 
temperature,  and  repeated  readings  taken  from  the  area  to  be  stroked,  and 
from  a  symmetrical  area  of  skin  which  has  subsequently  been  used  for  control 
readings.  When  the  readings  are  found  to  be  con.stant,  and  similar  on  the 
two  sides  of  the  body,  one  area  is  firmly  stroked,  and  regular  readings  are 
continued  over  the  Une  of  stroke  and  over  the  control  area  of  skin.  The 
rise  of  temperature  in  the  stroked  skin  begins  about  15-30  seconds  after 
the  stroke,  and  shortly  after  reddening  is  first  seen  ;  the  rise  continues  for 
about  2-5  to  6  minutes,  until  it  reaches  a  point  about  1-5°  to  2-5°  above  the 
original  level  (the  original  level  being  32° — 33°)  ;  the  temperature  curve  then 
runs  as  a  plateau  which  subsequently  declines  as  the  redness  of  the  skin 
subsides  {Fig.  2).     The  lines  of   temperature  charted  are  those  of  the  skin 
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immediately  bordering  the  stroke  (that  wliich  after  stroking  becomes 
brightly  flushed  and  borders  the  wheal)  and  the  temperature  of  the 
control  area  of  skin.  Repeated  comjiarison  of  the  temperatures  of  the 
wheal  itself  and  the  immediately  surrounding  skin  at  various  stages  of  the 
reaction  have  shown  no  appreciable  or  constant  chfference  ;  that  is  so  even 
if  the  wheal  proper  has  passed  through  its  red  stage  and  has  become  pale. 

H.  Rise  of  skin  temperature  on  closing  an  arterio-venous  anastomosis.  In 
a  previous  article^*  a  case  of  arterio-veiious  anastomosis  has  been  described 
(as  Case  1 )  in  which  measurement  showed  the  blood  flow  to  arm  and  leg  to  be 
increased  by  approximately  100%  on  closing  the  femoral  artery  leading  to  the 
anastomosis.  We  have  used  this  case  in  a  fii'st  attempt  to  obtain  a  numerical 
idea  of  the  relation  between  increased  blood  flow  to  the  skin  and  the 
associated  rise  of  skin  temperature.  The  observations  have  been  made 
repeatedly  upon  the  skin  of  the  hand  and  upon  the  skin  of  the  cheek.  In 
making  these  observations  the  thermal  junction  is  not  held  continuously 
over  one  area,  but  is  moved  every  few  seconds  in  steps  around  a  small  circle 
of  sldn,  readings  being  taken  at  each  15  seconds. 

The  cheek.  The  temperature  of  this  skin  being  at  a  constant  level, 
the  femoral  artery  was  occluded.  The  skin  temperature  began  to  rise  within 
about  15-30  seconds  of  the  compression  and  continued  to  do  so  steadily  for 
about  2  to  2^  minutes.  The  total  rise  was  approximately  J  to  1°C..  On 
releasing  the  anastomosis  a  decline  occurred  occupying  about  2  minutes, 
when  the  original  skin  temperature  was  resumed. 

The  palm  of  the  hand.  Similar  curves  were  obtained,  though  the  rise 
of  temperature  was  less,  being  usually  0-4°  or  0-5°,  and  on  one  occasion  0-8°. 

The  curves  of  cheek  and  hand  are  exempUfied  in  a  chart  (Fig.  3).  The 
top  curve  (cheek)  shows  a  rise  from  about  33-7°,  to  34-4°,  the  bottom  curve 
(hand)  from  about  330°  to  33-4°,  with  corresponding  subsequent  falls.  A 
measurement  of  blood  flow  to  a  limb  on  the  same  day  showed  a  rise  of 
approximately  100%  on  closing  the  anastomosis.  This  would  apparently 
correspond  to  a  rise  of  temperature  of  about  0-5°  (from  say  33^^),  if  we  take 
the  arm  curve  for  comparison  and  assume  that  the  increased  flow  is  evenly 
distributed  to  the  skin  and  muscles,  etc.,  of  the  hmb.  If  we  assume  that  the 
blood  flow  to  the  face — of  wliich  we  have  no  actual  measure — is  increased 
to  the  same  and  to  no  greater  extent,  a  100%  increase  would  correspond 
to  a  rise  of  almost  1  °.  The  first  comparison  is  the  more  legitimate  ;  and  this 
suggests  that  a  rise  of  2°  in  the  skin  temperature  on  stroking  in  an  urticarial 
subject  corresponds  to  at  the  very  least  a  four-fold  blood  flow  ;  we  say  at  the 
very  least,  because  the  rise  should  in  reality  be  read  in  terms  of  the  extent 
to  which  the  rectal-skin  temperature  difference  is  diminished.  This  estimate, 
drawn  as  it  is  from  a  single  case,  in  which  increased  blood   flow  and 
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temperature  rise  have  been  measured,  may  not  be  pressed  too  hard  ;  but 
in  so  far  as  it  goes  it  is  not  far  out  of  harmony  with  estimates  derived  from 
other  sources. 


1     2     3     4     J     6     7 
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Fig.  3.  A  chart  showing  tlie  effect  of  closing  tlie  artery  leading  to  an  anastomosis  of  the  superficial 
femoral  artery  and  vein  (  A.V.  A.  out)  upon  the  temperature  of  the  cheek  and  pahn,  and  of 
the  hand.  The  two  observations  were  made  separately,  but  have  been  charted  together, 
the  femoral  artery  being  compressed  and  occluded  on  both  occasions  for  exactly  five 
minutes.  It  is  to  be  noted  that,  although  the  increased  and  decreased  blood  flows  to  the  skin 
begin  abniiitly,  neither  the  rise  nor  fall  of  temperature  is  completed  under  two  minutes. 

/.  General  note.  It  has  been  seen  that  in  room  temperature  of  17° 
the  average  facial  skin  temperature  of  aortic  cases  often  approaches  the 
rectal  temperature  ^^^thin  about  40°.  In  normal  people  the  approach  is  to 
about  5-0°.  In  bright  erythema  of  the  face  (Table  VIII)  the  difference  falls 
to  3-0°  ;  and  a  similar  difference  has  been  found  in  a  case  of  cervical 
sympathetic  paralysis.  If  we  subtract  1°  from  each  of  these  values,  the 
corresponding  differences  in  temperature  between  rectum  and  lip  are 
obtained.*  Using  the  values  quite  broadly  we  may  say  that  starting  at  the 
normal  facial  skin  temperature  of  32°  (\<ith  rectal  temperature  37°),  a  rise 
of  2°  or  an  actual  temperature  of  34°  probably  rejjresents  a  full,  or  an  almost 
full,  vasodilatation  ;  this  is  seen  in  the  flush  of  urticaria  and  in  bright 
erythema  of  the  face.  A  rise  of  1  °  (to  33°)  rejiresents,  therefore,  a  considerable 
though  partial  vasochlatation  ;  the  last  has  been  found  in  the  group  of  aortic 
cases  (Table  VI).  It  would  appear  from  these  values  that  the  degree  of  vaso- 
dilatation found  in  the  aortic  ca.ses  is  by  no  means  negligible.  It  is,  perhaps, 
the  more  significant,  seeing  that  in  these  patients  the  mean  blood  pressures 
were  possibly  or  probably  below  normal  in  many  instances,  though  this  might 


*  It  is  to  be  stated  that  the  dry  mucous  membrane  of  the  lip  and  not  that  within  the  bucal 
cavity  has  been  used. 
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be  held  to  affect  rectal  temperature  as  well  as  skin  temperature.  The 
idea  in  giving  a  general  review  of  our  observations  in  this  fashion  is  not  to 
stress  the  actual  temperature  values  discussed,  but  rather  to  point  to  the 
general  harmony  of  the  readings  and  to  present  the  results  in  such  a  way 
that  a  more  precise  concept  of  what  the  changes  involved  in  aortic  disease 
may  mean. 

Summary  and  Conclusions. 

1 .  When  the  human  skin  is  soaked  in  water  at  temperatures  of  45-47  °C., 
the  capillaries  and  venules  on  the  one  hand,  and  the  arterioles  on  the  other, 
independently  dilate.  These  reactions  are  both  local  reactions.  When 
higher  temperatures  are  used,  a  reflex  dilatation  of  the  arterioles  is  observed 
in  addition,  and  tliis  spreads  beyond  the  heated  area. 

2.  Capillary  pulsation  is  a  physiological  phenomenon,  occurring  in  the 
skin  or  mucous  membrane  whenever  the  arterioles  are  sufficiently  dilated, 
providing  that  the  pulse  pressure  is  normal  and  capillary  and  venule  tone  is 
not  increased.  A  sufficient  dilatation  to  produce  pulsation  is  usual  in  the 
arterioles  of  the  face  of  young  people  at  room  temperatures  of  17-20°C.. 
Pulsation  is  brought  about  in  the  hand  by  immersing  it  in  water  at  45°C., 
providing  that  the  arterioles  are  capable  of  dilating  ;  it  is  usual  in  association 
with  the  vasodilatation  of  local  inflammatory  lesions,  however  small  these 
may  be  ;  it  occurs  in  the  facial  flush  of  amyl  nitrite,  and  in  other  forms  of 
bright  erythema  of  the  skin. 

3.  If,  in  the  presence  of  normal  or  heightened  pulse  pressures,  capillary 
pulsation  in  the  hand  is  not  produced  by  soaking  the  hand  in  water  for 
3  minutes  at  45-47  °C.,  the  arterioles  are  probably  incapable  of  dilating  or 
are  present  in  reduced  number. 

4.  In  aortic  regurgitation,  capillary  pulsation  is  often  independent  of 
high  pul.se  pressure,  though  the  last  increases  pulsation  when  this  is  present. 
In  patients  suffering  from  the  named  valvular  defect,  sufficient  dilatation  of 
the  arterioles  is  again  the  chief  determining  cause  of  capillary  pulsation. 
The  state  of  the  arterioles  not  only  chiefly  determines  its  presence  or  absence, 
but  a  fortiori  it  determines  its  varying  prominence  in  different  skin  areas. 

5.  The  colour  of  the  facial  skin  in  uncomphcated  aortic  regurgitation  is 
mistakenly  described  as  pale.  On  the  contrary,  the  facial  skin  is,  if  anything, 
more  flushed  and  warmer  than  normal.  In  aortic  disease,  in  which  the  mean 
blood  pressure  is  at  or  below  normal,  the  arterioles  of  the  face  can  usually 
be  shown  to  be  wider  than  normal ;  tliis  arteriolar  dilatation  is  often 
associated  with    arterial  dilatation  ;    sometimes,   though  not  usually,  the 
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flushing  of  the  face  with  arterial  blood  is  so  excessive  that  the  patient 
is  conscious  of  heat  and  throb  in  the  face.  The  skin  of  the  hands  is  affected 
like  the  face,  but  in  lesser  degree. 

6.  Arteriolar  dilatation  is  opposed  to  cyanosis. 

7.  It  is  more  accurate  to  associate  capillary  pulsation  with  dilated 
arterioles  than  it  is  to  associate  it  exclusively  with  any  other  causative 
factor  ;    and  this  statement  is  independent  of  the  chnical  diagnosis  of  the 


8.  It  is  probable  that  in  all  cases  of  macroscopic  "  cajiillary  pulsation  " 
the  phenomenon  is  due  to  the  pulse  passing  from  the  arteries  into  and  through 
the  capillaries,  to  involve  in  greater  or  lesser  degree  the  minute  skin  venules. 
The  visible  pulsation  is  shown  to  be  due  mainly,  as  Boas  has  suggested,  to  pul- 
sation of  the  venules,  at  all  events  in  the  skin  of  the  face,  trunk  and  upper 
parts  of  the  limbs.  Pulsation  of  the  capillaries  themselves  contributes  little 
in  these  areas  ;  it  probably  contiibutes  more  in  the  skin  of  the  palm  and  sole 
and  in  the  mucous  membrane  of  the  hp. 

9.  There  is  no  evidence  that  i3ulsation  is  conveyed  from  arterioles  to 
venules  through  the  arterio-venule  anastomosis  originally  described  by 
Sucquet. 

10.  A  method  of  obtaining  skin  temperature  rapidly  and  accurately  is 
described,  and  a  number  of  observations  relevant  to  capillar}'  pulsation  and 
to  the  foregoing  conclusions  is  recorded.  These  include  observations  upon 
the  temperature  of  the  facial  skin  in  aortic  regurgitation,  in  bilateral  and 
unilateral  facial  erythema  and  in  small  inflammatory  skin  foci.  The  local 
change  in  skin  temperature  during  the  formation  of  urticarial  wheals,  and 
on  closing  a  free  anastomosis  between  an  artery  and  vein,  are  also  described 
and  discussed. 
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4.     (X  ()2)  A  group  of  terminal  arterioles,  capillaries  and  venules  at  the  base  of   the    finger 
nail  in  a  case  of  aortic  disease.    The  pulsation  in  these  vessels  is  described  on  page  175. 


(  xf)2)    A    similar  group  of  vess-ls  in  the  skin  of  tlic  ventral  surface  of  the  foreari 
ease  of  aortic  disease.    Tlic  puls.ition  in  these  vessels  is  flcscril)cd  on  page  170. 


THE     VITAL    CAPACITIES     OF    PATIENTS    WITH     CARDIAC 
COMPLAINTS. 

By  A.  W.  HEWLETT. 

{From  the  Depaiimenl  of  Medicine,  Stanford  Medical  School.) 


The  vital  caiiacity  i.s  frequently  diminished  when  there  is  disease  of  the 
thoracic  organs.  At  least  two  groups  of  causes  contribute  to  this  result. 
In  the  first  place,  the  occupation  of  space  which  might  otherwise  be  used  for 
breathing  obviously  tends  to  lessen  the  vital  capacity.  Thoracic  tumours, 
consolidations,  exudates  and  pncumothoraces  are  accompanied  by  a  reduced 
vital  capacity.  In  the  second  place,  the  reduction  may  dei)end  upon  a 
restriction  of  the  resjiiratory  movements,  whether  by  pulmonary  fibrosis, 
pleural  adhesions  or  arthritis  of  the  costo-vertebral  articulations.  In 
tuberculosis,  determinations  of  vital  capacity  have  proved  of  value,  both  for 
estimating  the  amount  of  lung  involvement  and  for  following  the  progress  of 
the  disease^'  **. 

The  vital  capacity  is  diminished  in  many  patients  with  cardiac  disease®' '". 
This  occurs  particularly  when  the  disease  has  affected  the  lungs  through 
passive  congestion  and  exudates  into  the  air  spaces.  The  mechanical 
effects  of  cardiac  enlargement,  of  infarcts,  and  of  pleural  or  pericardial 
exudates  obviously  lessen  the  \atal  capacity.  In  addition,  passive  pulmonary 
congestion  lessens  the  volume  of  the  air  spaces  owing  to  swelhng  of  the 
pulmonary  capillaries,  and  it  tends  to  make  the  lungs  more  rigid 
{"  Lungenstarre  "  of  von  Basch).  Lundsgaard'  showed  that  patients  with 
mitral  lesions  without  venous  congestion  do  not  empty  their  lungs  to  a 
normal  extent  during  forced  expiration ;  and  Drinker,  Peabody  and 
Blumgart*  found  that  in  cats  an  acute  passive  congestion  of  the  lungs 
lessened  the  extent  of  the  respiratory  movements. 

In  heart  disease,  vital  capacity  measurements  have  proved  valuable 
both  in  estimating  the  gravity  of  the  lesion,  especially  as  regards  the 
pulmonary  congestion  ;  and  in  following  the  progress  of  the  disease  over 
longer  or  shorter  periods.  The  present  pajjer  is  a  statistical  study  of  the 
vital  capacity  in  a  group  of  patients,  most  of  whom  complained  of  symptoms 
suggesting  heart  disease.  Particular  attention  has  here  been  paid  to  the 
association  of  diminished  vital  capacity  with  other  objective  evidences  of 
cardiac  disease. 
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Normal  .standards. — Like  other  biological  measurements,  the  vital 
capacity  varies  considerably  among  normal  individuals.  Men  have  larger 
vital  capacities  than  women.  Race  is  of  importance  ;  for  Foster  and 
Hsieh'^  found  that  the  vital  capacity  of  Chinese  falls  distinctly  below  English 
and  Americal  standards.  In  old  age  there  is  a  tendency  for  the  vital  capacity 
to  lessen.  Finally  body  size  is  a  factor  which  greatly  influences  the  vital 
capacity.  While  all  agree  to  this  last  proposition,  there  exists  much  uncer- 
tainty as  to  which  measure  of  size  is  the  most  useful  as  a  standard 
for  estimating  the  normal  vital  capacity.  The  relation  of  vital  capacity 
to  weight,  to  height,  to  sitting  height,  to  certain  chest  measurements  and  to 
various  combinations  of  height  and  weight,  such  as  that  represented  by  the 
estimated  surface  area,  have  all  been  studied  in  normal  individuals.  None 
of  these  various  measurements  of  size  shows  a  very  close  correlation  with 
the  vital  capacity.  The  surface  area  appears  to  be  the  best  standard  in  use 
for  estimating  the  vital  cajiacity  of  normal  individuals  ;  yet  Hewlett  and 
Jackson^  found  that  according  to  tliis  standard  approximately  four  of 
every  hundred  male  college  students  had  a  vital  caj^acity  which  was  less  than 
eighty  per  cent,  of  the  average  normal.  According  to  their  figures,  the  height 
standard  which  they  used  was  only  slightly  inferior  to  the  surface  area 
standard.  Rogers'',  studying  a  group  of  Stanford  students,  found  that  the 
stem  height  was  not  materially  better  as  a  standard  than  the  standing  height. 
We  have  used  a  standing  height  standard  for  patients  ;  first  because  it  is 
convenient,  and  second  because  changes  in  weight  due  to  obesity  or  anasarca 
do  not  influence  this  standard.     For  men  the  following  formula  was  used  : — 

V.C.  =  50  Ht.  —  4.400, 

where  the  height  was  expressed  in  centimetres  and  the  vital  capacity  in 
cubic  centimetres^.  By  applying  statistical  methods  to  the  vital  capacity 
records  of  two  hundred  and  sixty  women  students  who  were  examined  as  a 
routine  at  the  Stanford  University  Gymnasium,  the  following  formula  for 
college  women  was  obtained  : — 

V.C.  =  27-4  Ht.  —  1,365. 

This  formula  has  been  used  for  estimating  the  vital  capacities  of  our  female 
patients.  In  the  present  pajier  all  vital  capacitites  have  been  expressed 
in  percentages  of  the  estimated  normal,  which  latter  was  calculated  from  the 
standing  height  by  the  above  formulas. 

The  vital  capacity  records  discussed  in  the  present  paper  were  obtained 
from  patients  who  had  been  referred  to  the  electrocardiograph  laboratory 
of  the  Stanford  Medical  School.  Since  May,  1922,  it  has  been  customary  in 
this  laboratory  to  measure  the  vital  capacities  of  all  patients  sent  for  electro- 
cardiograms and  to  express  these  capacities  as  percentages  of  the  average 
normal  according  to  the  height  standards  just  described.  In  the  present 
paper  five  hmidred  records  of  men  and  four  hundred  records  of  women  have 
been  analysed.     Most  of  these  records  were  obtained  from  patients  of  the 
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TABLE  I. 
Vital  capacities  of  500  nmn  with  cardiac  complaints. 


Vital  capacities 
arranged 
in  Broups. 
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1 
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22 

10 
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6 

6 

7 
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16 

14 

12 
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4 
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49 
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21 
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11 

5 

90 

75  —    79 

40 

12 

15 
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8 
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No.  of  cases... 

500 

140 

179 

125       j 

no 

76 

78 

53 

510 

Average    V.C. 
in  per  cent. 

77-3 

93-3 

66-3 

71-8 

67-5 

63-4 

70-8 

64-5 

761 

Standard  devi- 

ation in  per 
cent. 

200 

13-9 

17  5 

18-4 

17-8 

16-6 
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17-2 

19-2 

*  In  our  statistics,  as  expres.sed  in  tliis  and  .subsequent  tables,  doubtful  or  variable  Wasser- 
mann  reactions  liave  been  assigned  an  arbitrarj-  value  of  Oo. 


medical  clinic.  A  lesser  number  were  obtained  from  patients  of  other  clinics 
or  from  private  patients  whose  clinical  records  were  available  for  study. 
These  patients  therefore  belong  to  a  group  the  members  of  which  were  for 
some  reason  suspected  of  cardiac  disease. 

The  data  were  prepared  for  statistical  study  by  abstracting  each  historj' 
briefly  on  a  form  sheet  which  summarised  the  main  findings  as  regards  the 
heart.  These  abstract  sheets  were  grouped  according  to  the  vital  capacities 
recorded,  averages  being  used  when  several  observations  were  made  on  a 
single  patient.  Fairlj-  satisfactory  data  were  obtained  with  regard  to  certain 
clinical  manifestations.  With  others  the  data  were  unsatisfactory  or 
incomplete.   For  this  reason  we  have  not  tabulated  the  statistical  relation  of 
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TABLE  11. 
Vital  capacities  of  400  icomcn  with  cardiac  compIaiiHn 
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0 
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No  of  cases  ... 
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82 

95 

79 

20 

40 

20 

20 

Average    V.C. 
in  per  cent. 

77-5 

87-7 

65-7 

68-9 

70-4 

58-7 

76-4 
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Standard  devi- 

ation in  per 
cent. 

18-4 

14-7 

lti-7 

16-3 

l.S-4 

13-7 

18-9 

Hi- 7 

17-7 

lowered  vital  capacity  to  symptoms.  Nevertheless  our  observations  indicate 
that  the  symptoms  most  frequently  associated  with  a  low  vital  capacity 
were  dyspnoea  and  cough  ;  whereas  palpitation  and  thoracic  pain  were  less 
closely  related  to  reductions  in  the  vital  capacity.  When  cough  was  associated 
with  a  low  Adtal  capacity,  physical  changes  in  the  lungs  could  usually  be 
demonstrated.  In  some  patients  these  pulmonary  clianges  appeared  to  be 
independent  of  the  heart  condition,  being  due  to  pulmonary  tuberculosis, 
fibrosis,  or  pneumonia.  In  others  the  pulmonary  lesions  were  clearly 
secondary  to  the  heart  disease.  Dyspnoea  was  usually  present  when  the 
vital  capacity  was  less  than  50  per  cent,  of  the  college  standard  ;  but  it  is 
noteworthy  that  dyspnoea  of  a  moderate  degree  might  also  occur  in  patients 
whose  vital  capacity  approximated  the  normal.  Evidently  therefore  a  low 
vital  capacity  is  not  a  necessary  factor  in  the  production  of  moderate  cardiac 
dyspnoea. 
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Differences-  beiiveen  the  men  and  women. — Separate  tables  were  prepared 
for  the  men  and  for  the  women,  and  these  showed  certain  differences 
dependent  upon  sex  (see  the  summary  in  Table  III).  In  the  first  place,  the 
wonicn  with  cardiac  complaints  less  commonly  showed  signs  of  serious 
cardiac  disease.  Definite  objective  evidence  of  thoracic  disease  was  absent 
in  35  per  cent,  of  the  women  as  compared  with  25  per  cent,  of  the  men. 
Conversely  the  number  of  women  with  demonstrable  cardiac  enlargement, 
auricular  fibrillation,  or  inverted  T  in  lead  /  was  distinctly  less  than  the 
number  of  men  with  these  changes.     On  the  other  hand,  the  proportion  of 
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Fig.  1.  Ogive  curves  sliowing  the  distribution  of  vital  capacities  in  iILfferent  groups  of  patients. 
These  cuires  show  the  percentage  of  patients  in  any  group  who  liave  vital  capacities  more  or 
less  than  a  given  amount.  1.  College  standard.  2.  Male  patients  with  no  objective  evidence 
of  thoracic  disease.  3.  Female  patients  with  no  objective  evidence  of  thoracic  disease. 
4.  All  patients.  5.  Patients  with  left  ventricular  preponderance.  6.  Patients  with  T 
inverted  in  leiid  /. 

patients  showing  a  blood  pressure  of  160  or  over  and  the  proportion  of 
patients  with  evidence  of  left  ventricular  preponderance  were  approximately 
equal  for  the  two  sexes.  A  second  difference  between  the  men  and  the  women 
was  the  lower  vital  capacity  in  those  women  who  showed  no  objective 
evidence  of  thoracic  disease.  Male  patients  belonging  to  this  class  showed 
an  average  vital  capacity  of  93-3  per  cent,  of  the  coUege  standard,  whereas 
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among  women  of  this  class  the  average  vital  cajiacity  was  87-7  per  cent,  of 
the  standard  (Fig.  1).  It  appears  then  that  our  college  standard  was 
relatively  high  when  apphed  to  women  patients.  The  cause  of  this  diJference 
between  the  men  and  the  women  is  not  altogether  clear.  It  is  possible  that 
the  difference  in  physique  between  college  students  and  the  average  patient 
without  manifest  organic  disease  was  greater  for  women  than  for  men. 
Possibly  the  difference  was  due  to  the  clothes  worn  by  the  patients,  the  women 
being  more  restricted  by  these  than  the  men.  However  this  may  be,  it  is 
apparent  in  most  of  our  records,  that,  other  things  being  equal,  the  women 
tended  to  fall  farther  below  the  college  standard  than  did  the  men. 

Cardiac  etilargenient. — The  vital  capacities  of  our  patients  were  compared 
with  other  selected  manifestations  of  cardiac  disease.  Important  among 
these  was  the  size  of  the  heart.  Cardiac  enlargement  may  be  detected 
clinically  either  by  phy.sical  or  by  X-ray  examination.  On  physical  examina- 
tion, dependence  was  i)laced  mainly  upon  the  position  of  the  apex  beat 
and  the  area  of  cardiac  dulness.  Each  may  under  certain  conditions  be 
subject  to  considerable  error.  The  cardiac  impulse,  both  on  inspection  and  on 
palpation,  may  be  displaced  downward  and  to  the  left,  not  only  by  cardiac 
enlargement  but  by  disijlaccment  of  the  heart  and  by  an  imusual  violence  of 
the  cardiac  movements  (irritable  heart).  The  area  of  cardiac  dulness  may 
be  so  obscured  by  distension  of  the  overlying  lung  borders  that  it  is  practically 
useless  as  a  measure  of  cardiac  size.  On  account  of  these  difficulties  we  have 
laid  stress  upon  the  X-ray  reports  in  judging  the  heart  sizes  of  our  patients. 
In  some  instances  orthodiagrams  or  six-foot  plates  were  available  ;  yet 
even  without  these.  X-ray  plates,  taken  under  standard  conditions,  may  be 
used  to  show  any  conspicuous  enlargement  of  the  heart.  In  the  present 
series  a  heart  has  been  called  large  whenever  the  X-ray  report  stated  that 
there  was  definite  enlargement  and  its  size  has  been  called  normal  whenever 
the  X-ray  rejiort  stated  definitely  that  no  enlargement  was  present.  If  the 
X-ray  report  was  doubtful  or  if  no  X-ray  examination  had  been  made,  then 
the  size  of  the  heart  was  judged  from  the  physical  findings,  sUght  or  doubtful 
physical  changes  being  disregarded. 

Using  these  criteria  of  cardiac  enlargement,  the  vital  capacities  of  patients 
showing  this  condition  were  tabulated.  The  average  was  60-1  per  cent,  of 
the  college  standard.  This  was  considerably  lower  than  the  average  of  our 
patients  who  showed  no  definite  evidence  of  thoracic  disease  (90-5).  It  was 
also  distinctly  lower  than  the  average  for  all  patients  (77-4  per  cent.). 
Patients  who  showed  a  very  low  vital  capacity  with  no  evidence  of  cardiac 
enlargement  almost  invariably  had  definite  evidence  of  pulmonary  disease, 
such  as  advanced  tuberculosis,  pulmonary  fibrosis,  or  pneumonia.  Only 
24  of  the  261  patients  with  cardiac  enlargement  showed  a  vital  capacity  of 
'JO  per  cent,  or  over.  It  is  evident  from  these  figures  that  patients  with 
enlarged  hearts  usually  but  not  invariably  have  a  vital  capacity  which  is 
less  than  the  average  for  patients  in  whom  no  organic  thoracic  disease  could 
be  demonstrated. 
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TABLE  III. 

Vital  capacity  suintimry. 


MEN. 

WOMEN. 

1 

Both  Sexes. 

Number. 

Average 

vital 
capacity. 

Number. 

Average 

vital 
capacity. 

Number. 

Avera^'e 

vital 
capacity. 

Relative 

frequency 

men  to 

College  standard           

1,44-t 

1000 

•im 

1000 

1,704 

1000 

— 

All  patients 

500 

77-3 

400 

77-5 

900 

77-4 

— 

Chest  negative 

140 

93-3 

142 

87-7 

282 

90-5 

0-8 

Enlarged  heart 

179 

tJO-3 

82 

65-7 

261 

66- 1 

1-7 

B.  P.  over  160  nun 

\i:, 

71-8 

95 

68-9 

220 

70-8 

11 

Left  ventrlc-ular  preiionderance 

110 

()7-5 

79 

70-4 

189 

68-6 

11 

T  inverted  in  lead  /    ... 

7U 

U3-4 

20 

58-7 

96 

62-4 

30 

gflS  over  010  sec '. 

27 

60-8 

8 

59-2 

35 

60-4 

2-7 

Auricular  fibrillation   ... 

53 

64-5 

20 

56-2 

73 

62-2 

21 

Extra-systoles 

78 

70-8 

40 

76-4 

118 

72-7 

1-6 

Positive  Wassermann  ... 

51 

7U1 

20 

74-3 

71 

75-6 

20 

TABLE  IV. 

\Y (i^sermann  reactions  in  patients  ivith  cardiac  complaints. 


Men. 


Unselected 

clinic 
patients. 


Was-sermann,  positive 

Wassermann,  doubtful 

Wassermann,  negative 

Total  number  tested 

Not  tested 

Total  cases 

Percentage  positive  among  those  tested 

Percentage  positive  in  total  cases 


45 

11 
346 
402 

98 
500 

12-5 

101 


17 
6 

258 

281 

119 

400 
71 
50 


62 

26 

17 

12 

604 

238 

683 

276 

217 

724 

900 

1,000 

10-3 

IIG 

7-8 

3-2 

Hypertension. — Patients  whose  systolic  blood  pressures  averaged 
160  mm.  or  over  were  classed  as  hypertension  cases.  Men  and  women  were 
affected  to  approximately  the  same  degree.  The  average  vital  capacity 
of  all  these  patients  was  70  8  per  cent,  of  the  college  standard.     This  may  be 
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compared  with  the  average  of  90-5  per  cent,  for  patients  with  no  objective 
signs  of  thoracic  disease  or  with  the  average  of  77-4  per  cent,  for  all  our 
patients.  Hypertension  is,  therefore,  in  the  average  associated  with  some 
reduction  of  the  vital  capacity,  but  the  reduction  is  less  than  that  present 
in  patients  who  showed  cardiac  enlargement. 

Form   of  the   ventricular   complex. — The    vital    capacities    of    patients 
showing  various  alterations  in  the  form  of  the  ventricular  complex  were 
tabulated.     Most  common  among  these  alterations  were  those  commonly 
attributed  to  left  ventricular  preponderance,  in  which  the  main  deflection  of 
QR8  was   higher  in  lead  /  than  in  lead  //  and  was  inverted  in   lead   ///. 
Only    conspicuous    alterations    of   this    type    were  included  in  the  present 
tabulation.     This  alteration  was  present  in   110  of  the  500  male  patients 
and  in  7!)  of  the  400  females.     The  relative  frequency  was  therefore  only 
sHghtly  higher  among  the  men  than  among  the  women.     The  average  vital 
capacity  for  the  entire  group  was  68-6  per  cent,  of  the  college  standard 
(Fig.  1,  Curve  5),  which  was  a  little  lower  than  the  average  vital  capacity 
for  patients  showing  a  blood  jjressure  over  160  and  a  little  higher  than  the 
average  vital  capacity  for  patients  showing  cardiac  enlargement.    Evidence 
of  right  ventricular  preponderance  was  very  uncommon  in  this  group  of 
patients.     Only  21  showed  even  sUght  alterations  of  this  character.     Their 
average  vital  capacity  was  72-3  per  cent.  ;  but  on  account  of  the  small 
number  of  cases,  the  slight  change  in  many  of  these  and  the  wide  variations 
in  vital  capacity,   we   do  not  emphasise  this  figure.     Inversions  of    T  in 
lead  ///  were  common  and  appeared  to  be  of    little  significance.      They 
were  not  tabulated.     Inversions  of  T  in  lead  I,  on  the  other  hand,  were 
usually  associated  with    definite   reductions   of   the   vital   capacity.     This 
change  occurred  in  76  of  the  500  male  patients  and  in  20  of  the  400  female 
patients,   making  the  relative  frequency  for   males   over  three  times  the 
frequency  for  females.      In  terms  of  tlie  college  standard  the  average  vital 
capacity  for  males  was  68-4  per  cent.,  for  females  58-7  per  cent.,  and  for 
both  sexes  62-1  per  cent.  (Fig.  1,  Curve  6).     These  low  figures  emphasise 
again  tlie  serious  significance  of  inversion  of  T  in  lead  /.     Wifleniiig  of  QRS 
to  010  of  a  second  or  more  in  one  or  more  leads  was  observed  in  27  male  and 
8  female  patients.     The  average  vital  capacity  for  these  patients  was  60-4 
per  cent,  of  the  college  standard,  this  being  the  lowest  average  for  both 
sexes  of  any  tabulated  abnormaUty.     Vital  capacity  measurements  therefore 
confirm  the  prevalent  view  that  the  most  serious  of  common  alterations  in 
the  form  of  the  ventricular  complex  is  a  definite  widening  of  QRS,  the  next 
most  serious,  an  inversion  of    T  in  lead  /,  while  the  changes  attributed  to 
left  ventricular  prej^onderance  are  of  lesser  importance. 

Cardiac;  irregularities. — Only  two  irregularities  were  tabulated,  extra- 
sj'stoles  and  auricular  fibrillation.  In  tabulating  extra-systoles,  only  those 
ectopic  beats  which  occurred  during  the  course  of  a  sinus  rhythm  were 
included,  the  ectopic  ventricular  beats  which  were  observed  during  auricular 
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fibrillation  being  omitted.  Among  our  patients,  extra-systoles  were  more 
common  than  auricular  fibrillation,  and  their  relative  frequency  in  men  was 
one  and  a  half  times  their  relative  frequency  in  women.  The  average  vital 
capacity  for  all  jjatients  showing  extra-sj'stoles  was  72-7  percent,  which  was 
the  highest  average  for  any  of  the  groups  of  cardiac  abnormahties  tabulated. 
Auricular  fibrillalion  was  about  twice  as  frequent  in  men  as  in  women. 
The  average  vital  capacity  for  all  patients  was  62-2  per  cent,  of  the  college 
standard.  This  was  one  of  the  lowest  of  the  tabulated  groups,  being 
approximately  the  same  as  the  average  for  tho-se  showing  inversion  of  T 
in  lead  /  and  only  slightly  higher  than  the  average  for  those  \vith  widened 
QRS.  The  low  vital  capacity  in  most  patients  showing  this  irregularity 
needs  emphasis  because  there  is  at  times  a  tendency  to  minimise  the  gravity 
of  tliis  arrhythmia^'  i*.  Of  53  men  with  auricular  fil)rillation  only  five 
showed  a  vital  capacity  exceeding  90  per  cent,  of  the  college  standard,  while 
of  20  women  only  one  showed  a  \'ital  capacity  above  80  jier  cent.,  and  the 
vital  capacity  in  this  ca.se  was  taken  during  a  paroxysm  of  fibrillation. 
If  the  vital  capacity  could  be  regarded  as  a  rough  measure  of  cardiac  efficiency 
it  would  appear  than  that  patients  with  auricular  fibrillation  only  exception- 
ally show  a  normal  efficiency.  The  effect  of  changes  of  rhythm,  either 
spontaneous  or  induced  by  quinidin,  upon  the  vital  capacity  was  followed  in 
a  few  of  our  patients.  Briefly  it  was  found  in  these  few  patients  that  no 
great  change  in  the  vital  capacity  occurred  immediately  after  a  change  in 
rhythm  but  that  when  the  restored  sinus  rhythm  liad  per.sisted  for  some  days 
or  weeks  there  was  in  most  instances  an  improvement  of  the  vital  capacity. 
This  beneficial  effect  of  a  change  to  the  normal  rhythm  has  been  noted  by 
Burwell  and  Dieuaide^  and  by  others. 

The  Wusi^ermann  reaction. — A  summary  of  the  Wasserniann  reactions 
in  this  grouiJ  of  patients  is  shown  in  Table  IV.  Positive  reactions  were  almost 
twice  as  common  in  the  men  as  in  the  women.  Of  the  total  900  patients 
683  were  tested  and  of  these  62  showed  positive  reactions  and  17  showed 
doubtful  or  variable  reactions.  In  order  to  ascertain  if  positive  Wasserman 
reactions  were  relatively  more  common  in  patients  sus2:)ected  of  cardiac 
disease  the  records  of  1,000  consecutive  patients  admitted  to  the  .Stanford 
out-patient  clinics  during  jjortions  of  September  and  October,  1922,  were 
examined,  and  it  was  found  that  of  276  patients  tested  26  showed  positive  and 
12  doubtful  or  variable  reactions.  Owing  to  the  chft'erent  proportion  of 
patients  tested,  the  two  sets  of  figures  are  hardly  comparable.  Po.sitive 
reactions  among  those  tested  were  slightly  less  common  in  the  cardiac  group  ; 
but  positive  reactions  were  considerably  more  common  in  this  group  if  we 
consider  the  total  number  of  patients  (see  Table  IV).  It  seems  likely  that  if 
an  equally  high  proportion  had  been  tested  among  all  those  who  came  to  the 
out-patient  clinic  the  percentage  of  positive  tests  would  have  fallen  below 
the  percentage  for  the  cardiac  group.  However  this  may  be,  it  is  evident 
from  Table  V  that  a  positive  Wasserniann  reaction  was  not  accompanied  by 
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TABLE  V. 

Wassermann  reaciions  and  their  vital  capacity. 


Ninnbcr  of 

!   Average  vital 

.Standard 

cases. 

capacity. 

deviation. 

All  men 

Men  with  positive  Wassermann 

500 
51 

1            77-3 
76'1 

200 
19-2 

All  women... 

Women  with  positive  Wassermann 

400 
20 

77-5 
74-3 

18-4 
17-7 

All  patients 

All  patients  with  positive  VVassermann... 

900 
71 

77-4 
750 

19-3 

18-8 

All   patients  except   those   with   evident   luetic 
aortitis 

884  .J 

770 

19-3 

Patients  with  positive  W^assermann  but  without 
evident  luetic  aortitLs    ... 

.-ioj 

78-3 

18-4 

VITAL  CAPACITIES  IN  PER  CENTS 
ao     30     an BD BO TO 80 ap loo    110    lao   I30 


Fig.  2.  Ogive  cnr\es  showing  the  distribution  of  vital  capacities  in  our  patients  after  omitting  those 
who  showed  objective  evidence  of  syphilitic  aortic  insufficiency  or  aneurism.  The  smoother 
curve  with  dots  is  for  all  patients.  The  less  regular  curve  with  circles  is  for  patients  witli 
positive  Wassermann  reactions. 
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any  striking  reduction  in  tlie  average  vital  capacity  of  our  patients.  The 
average  vital  capacity  for  patients  showing  a  positive  reaction  was  75-6  per 
cent.,  while  the  average  for  all  patients  was  77-4  per  cent..  This  shght 
reduction  is  the  more  remarkable  when  we  consider  that  syphilis  is  an 
important  cause  of  serious  aortic  disease.  In  its  earlier  stages,  however, 
luetic  disease  of  the  aorta  does  not  cause  the  ijulmonary  congestion  that 
appears  to  be  mainly  respoiiiiible  for  the  reduced  vital  capacity  of  carcUac 
patients.  Hence  a  depressing  effect  of  such  lesions  upon  the  vital  capacity 
would  be  evident  only  in  their  later  stages.  If  all  cases  with  a  positive 
VVassermann  reaction  and  with  definite  signs  of  aortic  insufficiency  or  aortic 
aneurism  were  omitted  from  consideration,  then  the  average  vital  capacity 
among  patients  with  a  positive  Wassermann  reaction  was  78-3  per  cent., 
while  the  average  for  all  cardiac  patients  after  making  the  same  omission 
was  77-6  jier  cent.  (Fig.  2).  In  other,  words  after  omitting  the  easily  diagnosed 
cases  of  syphilitic  aortitis,  the  presence  of  a  j^ositive  Wassermann  reaction 
exercised  no  unfavourable  effect  upon  the  vital  capacity.  From  this  we 
conclude  that  so  far  as  the  present  series  of  cases  is  concerned,  syphilis  was 
a  negligible  factor  in  the  production  of  serious  cardiac  failure  except  when 
evident  lesions  of  the  aorta  were  present. 

Discussion. —  In  heart  disease  vital  capacity  measurements  are  of 
interest  because  they  furnish  a  rough  measure  of  that  type  of  insufficiency 
which  depends  upon  congestive  changes  in  the  lungs.  This  measure  is  at 
best  only  an  approximate  one — First,  because  causes  other  than  cardiac 
disease  may  reduce  vital  capacity,  and  second,  because  by  any  standard  of 
measurement  now  in  use  the  vital  capacities  of  normal  individuals  show- 
wide  variations.  Even  a  homogeneous  group,  such  as  apparently  healthy 
college  students,  contains  occasional  individuals  whose  vital  capacity  is 
seventy-five  per  cent,  or  less  of  the  average  normal. 

When  we  pass  from  college  students  to  the  general  population  it  is  but 
natural  to  expect — first,  that  still  wider  variations  from  the  average  will 
occur,  because  the  group  is  less  homogeneous,  and  second,  that  the  average 
vital  capacity  will  be  lower  because  the  average  physique  of  college  students 
is  better  than  that  of  the  general  population.  Hutchinson's  male  subjects 
showed  an  average  vital  capacity  of  only  86-3  per  cent,  of  our  college  students, 
after  making  allowance  for  the  difference  in  height.  This  marked  reduction 
was  due  in  part  to  the  fact  that  he  examined  men  of  all  ages  and  from  all 
walks  of  life  :  in  part,  it  may  be  attributed  to  some  undetermined  difference 
in  his  technique  or  to  a  general  improvement  in  the  English  physique  during 
the  past  seventy  years.  Our  patients  with  cardiac  complaints  but  with 
no  objective  evidence  of  thoracic  disease  showed  a  wider  variation  in  their 
vital  capacity  than  did  college  students.  The  standard  deviation  for  this 
group  of  patients  was  14-7  per  cent,  while  for  college  students  it  was  approxi- 
mately 130  per  cent..  Furthermore,  the  average  vital  capacity  for  this 
group  of  patients  was  90o  per  cent,  of  the  college  standard,  the  difference 
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being  greater  for  the  women  than  for  the  men.  Roughly  speaking  a  vital 
capacity  reading  is  low  when  it  falls  below  75  per  cent.,  but  it  can  be  regarded 
as  definitely  abnormal  only  when  it  falls  below  about  60  per  cent,  of  the 
college  standard.  This  statement  does  not  apply  to  averages,  for  in  them 
individual  fluctuations  have  been  eUminated.  An  average  difference  of  only 
a  few  per  cent,  may  well  be  significant.  Nor  does  it  apply  to  a  series  of 
observations  on  a  given  individual.  Here  changes  of  5  per  cent,  or  more 
are  significant. 

Returning  to  a  consideration  of  the  averages  discussed  in  the  present 
paper  one  may  say  that  these  express  the  tendency  of  certain  cardiac 
abnormalities  to  be  accompanied  by  the  pulmonary  changes  which  reduce 
vital  capacity.  In  other  words,  our  averages  express  the  seriousness  of 
various  pathological  changes  from  the  standpoint  of  a  congestive  type  of 
cardiac  insufficiency.  Viewed  from  this  angle  it  is  seen  that  hypertension 
and  particularly  extra-systoles  are  frequently  not  accompanied  by  carthac 
insufficiency  ;  that  auricular  fibrillation,  negative  T  in  lead  /  and  widening 
of  QRS  are  usually  accompanied  by  insufficiency,  and  that  an  enlarged  heart 
and  definite  electrocardiographic  evidence  of  left  ventricular  preponderance 
occupy  an  intermediate  position.  Such  a  rating  of  the  above  abnormalities 
agrees  in  the  main  with  prevalent  views  as  to  their  significance  ;  but  vital 
capacity  averages  give  to  the  rating  a  more  definite  numerical  value. 


C0NCLUS10N.S. 

(1)  The  vital  capacity  of  college  students  based  on  a  height  standard 
was  considerably  higher  than  was  the  vital  capacity  of  patients  with  cardiac 
complaints  and  without  objective  evidence  of  thoracic  disease.  According 
to  the  standards  that  we  have  used  this  difl'erence  was  greater  for  women 
than  for  men. 

(2)  Vital  capacity  readings  between  60  and  75  per  cent,  of  the  college 
standard  are  suspiciously  low  ;  those  less  than  60  per  cent,  are  almost 
uniformly  abnormal. 

(3)  In  our  series  of  patients  with  cardiac  complaints,  serious  lesions 
were  more  common  among  the  men  than  among  the  women. 

(4)  The  symptoms  most  commonly  associated  with  low  vital  capacity 
were  cough  and  dyspncea. 

(5)  The  seriousness  of  the  various  tabulated  manifestations  of  heart 
disease  as  judged  by  vital  capacity  averages  was,   in    descending  order  : 
extra-systoles,  hypertension,   left   ventricular  preponderance   as   expressed 
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electrocardiographically,  enlarged  heart,    T    negative  in  lead  /,  auricular 
fibrillation,  and,  lastly,  a  widened  QBS  group. 

(6)  If  cases  of  evident  aortic  insufficiency  and  of  aortic  aneurism  were 
omitted,  a  positive  Wassermann  reaction  in  our  patients  was  not  associated 
with  any  reduction  of  vital  capacity.  We  infer  that  syphilis  is  in  the  average 
a  small  factor  in  the  production  of  serious,  cardiac  failure  except  when  it 
involves  the  aorta  or  the  aortic  valves. 
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VASCULAR    REACTIONS    OF   THE    SKIN    TO    INJURY. 
Part  II.     The  liberation  of  a  histamine-like  substance  in  injured 

SKIN  ;  THE  UNDERLYING  CAUSE  OF  FACTITIOUS  URTICARIA  AND  OF  WHEALS 
PRODUCED  BY  BURNING  ;  AND  OBSERVATIONS  UPON  THE  NERVOUS 
CONTROL    OF    CERTAIN    SKIN    REACTIONS.* 

By  THOMAS  LEWIS  and  RONALD  T.  GRANT. 
(Cardiac  Department,   University  College  Hospital  Medical  School.) 

Preliminary  Remarks. 

In  a  previous  article^"  one  of  us  has  rejiorted  upon  the  vascular  changes 
wliich  occur  on  stroking  the  skin  in  patients  suffering  from  the  condition 
commonly  described  as  "  factitious  urticaria  "  or  "  dermatographia."  It 
has  been  pointed  out  that  those  changes,  wliich  result  in  whealing  of  the 
skin,  are  not  peculiar  to  the  urticarial  skin,  the  reactions  are  identical  with 
those  called  forth  in  normal  skins  when  these  are  subjected  to  stronger  or 
repeated  stimuU  of  the  same  kind.  Factitious  urticaria  constitutes  in 
exaggerated  form  a  physiological  response  of  the  skin.  That  being  the  case, 
the  skin,  in  wliich  whealing  and  its  correlated  changes  are  elicited  by  a  single 
stroke,  enables  us  to  investigate  conveniently  and  in  completer  fasliion  the 
normal  reactions  to  more  vigorous  or  numerous  stimuli  of  the  same  order. 
In  studving  factitious  urticaria  we  are  studjang  reactions  which  belong 
fundamentally  to  the  normal  mechanism,  or  mechanisms,  of  inflammation 
and  repair. 

The  present  studies  start  from  tliis  standjioint  and  embody  a  fuller 
investigation  of  the  stroke  reactions,  taking  advantage  of  the  peculiar 
susceptibiUty  of  certain  skins  to  this  form  of  damage.  It  was  also  a  chief 
object  closely  to  compare  the  skin's  respon.se  to  the  stroke  on  the  one  hand 
and  to  a  chemical  stimulus  on  the  other,  it  being  already  known  that  a 
chemical  stimulus  may  call  forth  reactions  resenibhng  superficially  at  least 
those  resulting  from  mechanical  injury.  For  the  last  jiurpose,  and  at  the 
suggestion   of  our  colleague,   Dr.   H.   H.   Dale,   we  chose  histamine.     Our 

*  Observations  undertaken  on  behalf  of  the  Medical  Research  Council, 
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report  will  largely  focus  it.self  upon  the  similarities  between  the  skin's  reaction 
to  stroking  and  to  the  introduction  of  histamine,  and  upon  the  meaning  of 
these  similarities. 

To  permit  of  wider  generalisation  we  have  ultimately  extended  our 
observations  to  other  forms  of  damage,  more  particularly  to  the  response 
to  scalding  heat,  and  also  to  a  lesser  extent  to  punctures  and  scratches. 
All  these  stimuli,  as  will  be  seen,  eventually  call  the  same  mechanisms  into 
play. 

Cases  of  urticaria,  factitia.  Most  of  the  observations  recorded  in  this 
paper  have  been  carried  out  upon  three  cases  (Subjects  1,  2  and  -j*)  of  chronic 
factitious  urticaria.  Many  of  the  reactions  have  also  been  witnessed  in 
two  other  cases  (Subjects  4  and  -5),  though  these  two  have  been  less  extensively 
investigated.  Many  of  them  have  been  seen  in  normal  skin  stroked,  not  once, 
but  rej)eatedly.  The  five  urticarial  cases  have  all  been  of  the  same  type. 
Wheals  have  followed  after  single  firm  strokes  of  the  skin  in  a  few  minutes. 
In  none  of  these  jjatients  was  there  any  suggestion  of  spontaneous  erythema, 
spontaneous  urticaria,  eczema  or  asthma,  conditions  not  uncommonly 
associated  with  factitious  urticaria.  The  patients  came  under  observation 
primarily  either  for  the  skin  condition  (Subject  2)  or  more  frequently  for 
various  maladies  unconnected  with  it,  the  urticaria  being  detected  during  a 
routine  examination.  Our  sixth  case  has  been  used  for  one  observation 
only,  namely,  for  collecting  wheal  fluid  to  puncture  into  a  normal  skin. 
This  case  is  that  of  a  yoiuig  woman  in  good  health,  who  notices  occasional 
patches  of  erythema  with  small  central  wheals  on  the  face  and  arms,  and  who 
blisters  easily  in  strong  sunlight.  The  stroke  wheals  were  first  discovered 
when  we  searched  for  them  in  her. 

Method  of  producing  histamine  wheals.  Whealing  of  the  skin  by  liistamine 
was  first  described  by  Eppinger'".  It  is  effected  by  scarifying  the  skin  and 
subsequently  applying  a  dilute  solution  of  this  tissue  poison.  Histamine 
wheals  were  subsequently  further  explored  by  Sollmann  and  Pilcher^",  who 
not  only  used  scarification  but  introduced  the  ingenious  mucuna  method. 
In  tliis  they  rub  the  sharp  hairs  of  mucuna  into  the  skin  and  apply  histamine, 
which  enters  through  the  perforations.  We  have  tried  a  method  similar 
to  that  of  the  last  workers,  substituting  spun  glass  for  the  hairs.  Groups 
of  wheals  may  be  obtained  by  this  method,  as  with  mucuna  or  scarification  ; 
but  both  are  really  unsuitable  for  precise  and  repeated  observations. 
Scarification  and  friction  with  sharply  pointed  material  is  not  sufficiently 
controllable  and  itself  yields  a  considerable  skin  reaction  ;  moreover,  there 
is  little  or  no  guarantee  that  a  constant  dose  is  introduced  or  that  the  same 
number  of  tissue  jjoints  are  affected  at  a  single  apphcation.  We  have  tried 
and  abandoned  several  other  methods.  Thus,  measured  doses  of  histamine 
can  be  forced  into  the  skin  through  glass  tubing  drawn  to  a  capillary  point ; 

*  The  subject  numbers  correspond  witli  those  of  Part  I. 
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but  in  practice  we  find  the  poison  to  be  distributed  too  irregularly  in  the  skin. 
Another  method  is  biused  upon  the  stinging  hairs  of  nettles  ;  a  glass  tube 
is  ckawn  and  redrawn  into  an  extremely  fine  capillary  point,  and  the  whole 
filled  with  the  solution.  This  point  easily  and  almo.st  painlessly  pierces  the 
skin  and  carries  in  its  own  dose  of  liistamine.  The  method  gives  sufficiently 
constant  results  prov^iding  that  one  such  pointed  tube  is  used.  If  several 
or  many  tubes  are  to  be  used,  and  tliis  becomes  necessary  in  using  different 
solutions,  in  replacing  breakages  and  in  discarding  tubes  which  become 
blocked,  it  is  hardh'  possible  to  draw  these  tubes  so  that  they  have  equal 
sharpness  and  leave  behind  equal  doses  on  withdrawal.  In  practice  we  have 
found  the  most  suitable  method  to  be  a  more  simple  one  :  a  small  drop  of 
the  solution  is  placed  on  the  skin  and  the  skin  is  pricked  through  the  centre 
of  tliis  drop  with  a  fine  needle.  The  drop  of  histamine  is  then  removed  by 
lightly  dabbing  it  with  a  handkerchief,  though  its  removal  does  not  appre- 
ciably affect  the  result.  A  device  for  regulating  the  pressure  exerted  on  the 
needle  was  found  to  have  no  material  advantage  ;  it  is  sufficient  to  hold 
the  needle  between  the  finger  and  thumb  and  to  exert  the  pressure  wliich 
practice  shows  to  be  effective.  In  this  way  wheals  of  very  constant  size  are 
produced,  but  to  safeguard  our  observations  against  error  arising  from  an 
occasional  underdose  of  liistamine,  it  has  been  our  habit  to  jjut  down  three 
such  punctures  in  a  row  at  intervals  of  about  li  cm..*  For  puncturing  into 
the  human  skin  two  solutions  mainly  have  been  employed,  namely,  1  in 
3,000  and  1  in  30,000  of  the  base,  the  salt  being  dissolved  in  normal  saline. 

In  the  following  account  of  histamine  and  stroke  reactions  we  do  not 
always  give  protocols.  Were  this  to  be  undertaken  systematically,  this 
paper  would  reach  an  inordinate  length.  It  may  be  taken  for  granted  that 
no  observation  is  described  wliich  has  not  been  repeated  a  sufficient  number 
of  times  ;  that  none  is  described  wliich  has  not  been  reiaeated  upon  at  least 
two,  and  usually  upon  three  or  more  individuals.  Protocols  and  tabulated 
statements  are  used  where  it  is  necessary  to  emphasise,  to  refer  to  illustrative 
series  of  measurements,  or  where  our  observations  have  lacked  coiin:)lcte 
uniformity  and  it  is  desired  to  draw  attention  to  the  fact. 

Initial  comp.\risons  of  histamine  and  strokk  reaction.s. 

The  broad  featiiirs  of  the  reaction  to  histamine  puncture  and  stroking. 
The  reactions  of  the  skin  in  urticarial  patients  in  response  to  stroking  have 
been  described  fully  in  a  previous  pajier.  They  consist  essentially  of  (a)  a 
central  and  sharply  defined  red  line  restricted  to  the  hue  of  stroke  and  due 
to  a  local  dilatation  of  the  superficial  capillaries,  venules  and  terminal 
arterioles,  (6)  a  bright  red  flush  having  irregular  margins,  and  caused  by 

*  The  histamine  employed  in  our  work  was  given  to  us  by  Dr.  H.  H.  Dale  from  liis  own 
stock  and  is  that  used  by  him  in  his  pubUshed  experimental  work.  It  is  the  synthetic  and 
crystalline  diphosphate  of  /iiminazolylethylamine  obtained  from  Messrs.  Burrouglis  and 
Wellcome,  who  supply  the  substance  under  the  trade  name  of  Ergamine  acid  phosphate. 
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dilatation  of  the  arterioles,  over  the  surrounding  area  of  skin,  and  (c)  the 
appearance  of  a  raised  wheal  over  the  Hne  of  stroke.  Precisely  similar 
reactions  occur  after  puncturing  the  skin  with  histamine.  The  red  spot 
(as  opposed  to  the  red  hne  on  stroking)  is  best  displayed  on  an  arm  in  which 
the  vessels  have  been  occluded  abruptly,  after  the  venous  pressure  has  been 
raised  a  little.  It  is  then  circular,  has  a  diameter  of  about  3  milUmetres, 
is  purple  in  colour,  and  its  edges  are  usually  sharply  defined.  On  an  arm 
in  which  the  circulation  is  intact,  it  is  never  so  distinct,  since  it  is  masked  by 
the  accompanying  arteriolar  flush.  The  surrounding  flush  is  distinct  or 
vivid  on  an  arm  the  circulation  of  which  is  intact,  but  is  prevented,  as  is  the 
surrounding  flush  of  the  stroke  reaction,  when  the  vessels  to  the  Umb  are 
occluded.  The  histamine  flush  is  best  displayed  by  puncturing  an  arm 
rendered  cyanotic  by  congestion  ;  the  flush  then  stands  out  as  a  bright  red 
patch  on  a  blue  background,  showing  it  to  be  due  to  an  arteriolar  dilatation. 
It  has  a  diameter  of  2,  3,  or  more  centimetres,  an  irregular  margin  and  often 
includes  small  outlying  and  detached  areas.  Shght  capillary  pulsation  in  the 
flushed  area  is  frequently  to  be  detected  as  it  is  in  the  flushed  area  following 
a  stroke.  The  histamine  wheal  is  hemispherical  and  appears  over  the  area 
covered  by  the  red  spot ;  it  has  a  usual  diameter  of  about  3  milUmetres. 
Though  they  cannot  be  determined  precisely,  the  times  of  the  histamine 
and  stroke  reaction  are  very  similar,  a  fact  abundantly  illustrated  to  us  in 
stroke  and  histamine  reactions  carried  out  simultaneously  on  the  same  arms 
under  a  variety  of  conditions.  To  illustrate,  in  an  urticarial  subject  the  arm 
was  firmly  stroked  and  at  the  same  instant  a  histamine  puncture  (1  in  3,000) 
was  put  down. 

After  20  sees.       . .     red  Une  begins. 

After  30  sees.        .  .      flush  begins  in  both  areas. 

After  1  min.  10  sees,  stroke  wheal  begins. 

After  1  min.  20  sees,  liistamine  wheal  begins. 

After  3  mins.         . .     both  wheals  almost  full  and  pink. 

After  8  mins.         . .     both  wheals  full  and  pale. 

After  47  mins.      . .     both  wheals  pale  and  diminished. 

Using  the  thermoelectric  couple,  described  in  a  previous  communication^", 
observations  have  been  made  ujjon  the  change  in  the  skin  temperature  in 
response  to  histamine  punctures  and  stroking  ;  those  wliich  chiefly  concern 
us  were  undertaken  upon  the  skins  of  urticarial  subjects.  In  such  a  subject 
the  back  is  stripped  and  exposed  to  the  air  of  the  room  at  20  °C.  for  some 
wliile,  so  that  its  temperature  may  become  constant.  The  back  is  now 
searched  wth  the  testing  junction  to  find  two  symmetrical  areas  of  skin 
which  have  the  same  temperature  ;  a  third  area  is  chosen  as  a  control.  When 
these  three  skin  areas  are  found  to  be  giving  constant  temperature  readings, 
the  junction  being  moved  from  one  to  the  other  in  order  and  at  suitable 
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time  intervals, one  of  the  symmetrical  areas  is  punctured  through  3  closely  set 
drops  of  1  in  3,000  histamine,  while  the  other  is  firmly  stroked.  Temperature 
readings  are  continued  at  regular  intervals  from  the  three  areas  and  are 
subsequently  charted  (Fig.  1).  In  the  illustration  given  (from  one  of  three 
patients)  the  average  temperature  of  the  histamine  and  stroke  areas  was 
each  approximately  33 °C.  ;  in  each  instance  the  rise  of  temperature  began 
about  1  minute  after  the  flush  was  first  seen  and  continued  for  about  li 
minutes,  when  it  reached  its  height,  the  curve  then  continuing  as  a  plateau. 
Meanwhile  the  temperature  of  the  control  area  {C)  remained  unaltered. 
In  this  instance,  the  temperature  was  maintained  at  its  maximum  longer  in 
the  case  of  liistamine  than  in  the  case  of  the  stroke  reaction,  the  first  tempera- 
ture being  maintained  to  the  end  of  the  observation,  the  last  beginning  to 
fall  at  about  the  11th  minute  of  the  chart,  and  subsequently  continviing  at 
a  lower  level  than  that  of  the  stroke  wheal.*     The  full  temperature  of  each 


Fig.  1.  Subject  2.  -A.  chart  of  skin  temperature.  H,  skin  area  punctured  witli  histamine  (1  in 
3,000) ;  W,  skin  area  whealed  by  a  firm  stroke  ;  C,  control  area.  Tlie  stimuli  were  applied  at 
the  point  marke<i  by  the  arrow.  The  readings  were  taken  from  the  skin  immediately 
adjoining  the  wheal.     Time  in  minutes. 


was  maintained  for  many  minutes  after  the  flush  had  begun  to  subside  and 
after  the  wheals  themselves  had  begun  to  pale.")"  The  temperature  curve, 
when  compared  mth  the  varying  brightness  of  the  flush,  is  found  to  be  delayed 
at  all  phases  ;  that  is  but  natural  since  some  little  time  is  required  (about 
1-2  minutes)  for  a  skin  to  be  warmed  to  its  new  point  when  it  receives  more 
blood,  and  some  time  is  taken  for  it  to  cool  when  the  additional  blood  supply 
is  withdrawn.  The  delay  in  temperature  fall  is  too  great  to  be  accounted 
for  in  this  fashion,  however.  The  chief  point  which  we  desire  to  emphasise 
is  the  similarity  between  the  two  temperature  curves  ;  in  the  present  instance 
that  is  the  case  both  so  far  as  time  relations  and  amplitudes  are  concerned. 


*  ThLs  did  not  occur  in  the  other  two  patients, 
■f  A  relation  witnessed  in  all  three  patients. 
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The  amplitude  of  the  stroke  curve  is  variable  from  subject  to  subject ;  in 
the  present  instance  the  temperature  rise  is  a  little  more  than  0-5 °C..  The 
particular  curves  were  taken  from  a  patient  in  whom  the  reactions  were 
relatively  slight.  In  another  patient  the  temperature  rise  amounted  to 
2  or  2-5°C.,  the  flush  and  subsequent  whealing  being  very  conspicuous  ;  in 
this  case  the  liistamine  reaction  fell  a  little  short  of  the  stroke  reaction,  but 
the  curves  presented  similar  forms  and  time  relations. 

To  sum  up,  the  reactions  of  urticarial  skins  in  response  to  histamine  and 
in  response  to  stroking,  so  far  as  they  have  as  yet  been  examined,  appear  to 
be  identical ;  they  are  similar  in  all  their  details.  The  extent  of  the  reaction 
and  its  time  relations,  in  the  case  of  liistamine,  is  naturally  dependent  in 
some  measure  upon  the  dose  of  the  poison  introduced  into  the  skin  ;  when 
a  1  in  3,000  solution  is  used,  the  time  relations  of  the  reaction  and  that  of 
the  response  to  firm  stroking  are  also  very  similar. 

Starting  from  these  simple  observations,  and  being  impressed  by  the 
similarities  of  the  two  reactions,  we  have  proceeded  to  examine  them  side 
by  side  more  critically. 

Variation  in  the  size  of  wheals  over  different  regions  of  the  body.  As  is  well  known,  wheals  are 
produced  by  stroking,  in  the  susceptible,  more  reiulily  on  the  skin  of  the  trunk  than  upon  that 
of  the  limbs.  Variation  is  particularly  well  displayed  on  the  forearm.  If  a  single  firm  stroke 
is  nm  from  the  elbow  to  the  wrist,  the  wheal  which  follows  is  conspicuous  at  the  elbow  and  almost 
or  quite  invisible  at  the  wrist.  The  wheal  when  f  idly  developed  shows  a  gradual  decrease  in  height 
on  passing  down  the  upper  part  of  the  forearm  and,  about  the  jimction  of  the  middle  and  lower 
third  of  the  arm,  there  is  usually  a  sharper  decrease  in  size,  sometimes  ahuost  to  invisibility.  If  a 
row  of  histamine  punctures  is  put  down  parallel  to  the  stroke  and  the  wheals  are  subsequently 
compared,  it  is  found  that  the  dimensions  of  histamine  and  stroke  wheals  decrease  pari  passu 
with  great  regularity.  Both  stroke  and  histanxine  wheals  are  fidler  on  the  shoulder  than  upon 
any  ])art  of  the  forearm.  The  similar  %ariation  in  tlie  two  types  of  wheal  is  probably  due  in  large 
part  if  not  wholly  to  varj'ing  thicknesses  of  the  true  skin.  The  skin  at  the  wrist  is  known  to  be 
materially  thinner  than  that  of  the  forearm  itself^.  The  similar  variation  in  the  wlieal  produced 
by  histamine  and  stroke  has  in  this  instance  no  jiarticular  significance.  In  using  the  forearm  to 
test  wheals  developing  in  different  circiunstances,  it  is  necessarj-  that  the  wheal  and  its  control 
shoidd  be  laid  down  side  by  side. 

Effects  of  venous  congestion  and  of  impeding  the  circulation.  If  tlie 
venous  pressure  in  the  arm  of  an  urticarial  subject  is  raised  to  70  mm.  Hg. 
or  more,  the  wheals  subsequently  produced  by  stroking  the  arm  are  reduced 
in  size,  the  reduction  becoming  greater  as  the  pressure  is  raised  (see  Part  1). 
the  same  statement  appUes  to  histamine  wheals.  The  following  is  a  sufficient 
illustration  of  rejieated  observations. 

An  armlet  was  j^laced  on  the  left  upper  arm  of  a  normal  subject  whose 
blood  pressures  were  127  (systolic)  and  88  (diastolic)  and  raised  to  50  mm.  Hg. 
pressure.  At  the  end  of  1  minute  both  arms  were  punctured  with  1  in 
30,000  histamine.  At  the  end  of  3  minutes  a  full  wheal  was  present  on  the 
right  arm,  and  a  smaller  one  on  the  left.  The  two  wheals  were  about  equal 
two  minutes  later.  The  observation  was  repeated,  using  a  pressure  of  70  mm. 
Hg.  ;  4  minutes  after  puncturing  with  histamine  a  small  wheal  appeared  on 
the  congested  arm.  When  developed  it  was  much  smaller  tiian  that  on 
the   control   arm.       Repeated   at   'JO   mm.  Hg.   no   wheal   had   developed 
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5  minutes  after  tlie  puncture.  These  observations  were  now  repeated, 
using  tlie  1  in  3,000  liistamine,  and  similar  results  were  obtained. 

Thus  an  increase  of  venous  pressure  reduces  the  rate  at  which  histamine 
wheals  develop  and  under  high  venous  pressure  (70-90  mm.  Hg.)  the  wheals 
when  allowed  to  develop  fully  are  reduced  or  much  reduced  in  size.  As  the 
venous  pressure  apjH'oaches  systolic  pressure  the  reduction  becomes  even  more 
conspicuous.  We  see  that  the  effect  upon  the  liistamine  and  stroke  wheals 
of  venous  congestion  is  similar.  In  the  case  of  the  stroke  i-eaction  it  has  been 
argued  (Part  I)  form  this  and  similar  observations,  in  which  suction  is  appUed 
to  a  developing  wheal,  that  the  output  of  fluid  is  not  controlled  appreciably 
by  the  differential  pressure  existing  between  blood  content  and  tissue  spaces, 
and  that  distension  of  the  small  vessels  is  not  the  determining  cause  of 
increased  permeability.  The  slow  develoj^ment  of  the  wheal  is  due  to  inade- 
quate blood  flow  through  the  skin.  The  argument  is  equally  apiDlicable  to 
liistamine  wheals.  A  large  and  rapid  output  is  only  possible  in  the  presence 
of  a  greatly  increased  blood  flow,  a  statement  which  applies  to  both  forms  of 
wheal. 

If  the  circulation  to  the  arm  is  occluded,  no  stroke  wheal  is  observed 
on  the  affected  skin,  although  it  is  watched  for  long  periods  of  time  (up  to 
25  minutes)  ;  the  same  statement  applies  to  the  histamine  wheal.  The 
fluid  constituting  the  wheal  is  in  each  case  derived  directly  from  the  blood 
vessels. 

Pressure  required  to  prevent  tvheals  developing.  In  Part  I  it  has  been 
shown  that  a  considerable  pressure  (from  30  to  50  mm.  Hg.)is  required  to 
prevent  a  stroke  wheal  from  apiiearing.  The  same  is  true  of  histamine 
wheals,  though  the  pressure  required  varies  to  some  extent  according  to  the 
strength  of  liistamine  employed.  If  a  1  in  3,000  solution  is  used,  the  critical 
pressure  which  is  just  sufficient  to  prevent  the  wheal  developing  is  much  the 
same  for  both  stroke  and  histamine  wheal.  The  following  is  an  illustration 
of  tests  on  two  patients. 

Simultaneously  a  firm  stroke  and  three  histamine  punctures  (1  in  30,000) 
were  laid  down  on  the  upper  arm  of  an  urticarial  subject.  A  sphygmomano- 
meter armlet  was  at  once  appUed  over  the  punctures  and  the  pressure  in  it 
raised  to  40  mm.  Hg.  and  held  there  for  4  minutes.  On  rapidly  remo\ing  the 
cuff  a  shght  stroke  wheal  was  found,  but  no  histamine  wheal.  Both  had 
developed  fully  three  minutes  after  the  release.  The  strength  of  the  hista- 
mine was  now  changed  to  1  in  3,000  and  the  procedure  repeated  in  exactly  the 
same  way  at  pressures  of  50,  45,  35  and  30  mm.  Hg..  At  the  50  pressure 
no  wheals  had  developed  at  the  time  of  release  (4  minutes)  ;  at  45  mm. 
pressure  traces  of  stroke  and  histamine  wheals  were  found  at  the  release  ;  at 
35  pressure  definite  though  reduced  wheals  were  found.  The  reductions  were 
very  similar  in  degree  in  the  two  series. 

Thus  the  pressure  required  to  prevent  the  1  in  3,000  histamine  wheal 
and  a  stroke  wheal  developing  is  much  the  same.     This  observation,  in  the 
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case  of  stroke  wheals,  has  been  used  to  show  that  an  essential  factor  in  their 
production  is  an  increased  permeability  of  the  vessel  wall  as  opposed  to 
exaggerated  filtration  pressure ;  and  that  the  increased  permeabiUty  is 
independent  of  distension  of  the  small  vessels.  Similar  arguments  may  be 
applied  to  the  histamine  wheal. 

Effect  of  cooling  the  shin.  If  before  or  immechately  after  stroking  the 
skin  of  an  urticarial  subject,  the  skin  is  cooled  by  immersion  in  water  to 
12°C.,  the  rate  at  which  the  wheal  develops  is  much  retarded  as  compared 
with  a  wheal  developing  on  skin  at  normal  temperature.  Thus  at  the  end 
of  4  or  5  minutes  only  a  diminutive  wheal  is  seen.  If  the  arm  is  withdrawn 
from  the  cold  water  at  tliis  time,  the  wheal  continues  to  develop  and  in 
instances  where  it  is  warmed  by  re-immersion  in  water  at  36°C.  it  comes  to 
its  full  size  in  about  15  minutes.  The  effects  of  cooUng  upon  histamine 
wheals  (1  in  3,000  or  1  in  30,000)  are  identical,  whether  these  are  produced 
on  the  skin  of  normal  or  mticarial  subjects.  In  the  last  we  have  put  down 
strokes  and  parallel  Mnes  of  histamine  punctures,  immersing  the  lower 
halves  of  these  lines  in  cold  water  and  leaving  the  upper  halves  exposed  to 
the  atmosphere.  In  these  observations  we  have  found  the  stroke  wheals 
and  wheals  produced  by  1  in  30,000  histamine  to  be  diminished  in  much  the 
same  degree  at  the  end  of  5  minutes  ;  after  this  interval  the  size  of  the  1 
in  3,000  histamine  wheals  is  very  definitely  less  than  normal,  though  the 
reduction  is  somewhat  less  in  its  degree  than  is  that  of  stroke  wheals. 

Delay  in  development  upon  a  cooled  skin  is  sufficiently  explained  by  the 
decreased  blood  flow  to  the  skin,  an  interpretation  which  may  be  applied 
equally  well  to  the  two  varieties  of  wheals. 

Effects  of  heating  the  skin.  The  forearm  of  an  urticarial  subject  is 
immersed  in  water  as  hot  as  can  be  borne  comfortably  (45°  to  47°C.)  for 
3  minutes  to  a  line  drawn  on  the  skin.  The  arm  is  withdrawn  and  a  firm 
stroke  made  which  passes  over  the  hne  dividing  immersed  from  unimmersed 
skin  ;  the  arm  is  then  re-immersed  to  the  original  Une.  Witliin  five  or  six 
minutes  after  the  stroke  a  full  wheal  has  developed  over  the  unheated  skin, 
but  over  the  heated  skin  it  is  either  of  much  reduced  size  or  it  is 
absent ;  these  reduced  wheals  fail  further  to  develop  if  the  length 
of  heating  has  been  sufficient.  This  observation  has  given  consistent 
results  in  a  number  of  patients.  The  same  result  is  obtained  with 
dry  heat.  Thus  the  back  of  a  patient  was  exposed  to  the  heat  of 
an  electric  lamp  and  an  area  a  few  centimetres  in  diameter  well 
reddened.  The  skin  was  then  stroked  firmly  right  across  the  heated  area. 
A  conspicuous  wheal  appeared  both  above  and  below  the  heated  area,  but 
none  could  be  detected  over  the  heated  skin  itself.  When  it  is  desired  to 
control  the  reaction  upon  a  symmetrical  area  of  skin,  one  arm  is  heated  and 
the  other  left  exposed  to  room  temperature.  The  results  are  the  same, 
the  heated  skin  jaelding  a  wheal  less  or  much  less  prominent  than  that 
appearing  on  the  control  arm. 
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Similar  results  are  obtained  witli  histamine  wheals  on  normal  and 
urticarial  skins  (1  in  3,000).  The  procedure  is  similar,  except  that  instead 
of  stroking  the  skin  a  Une  of  4  punctures  is  put  down  ;  two  of  these  are 
immersed  in  hot  water  and  two  remain  on  the  unimmersed  skin  exposed  to 
room  temperature.  The  reduction  of  histamine  wheals  by  heat,  though 
conspicuous,  is  somewhat  less  so  than  is  the  reduction  of  stroke  wheals. 

The  results  described  are  those  which  follow  when  the  stimulus  is  applied 
to  an  arm  in  wliich  heat  has  produced  already  a  full  vascular  dilatation. 
If  the  stimulus  is  put  down  first  and  the  arm  is  subsequently  heated,  the 
effect  is  variable  according  to  the  time  interval  which  elapses  between  the 
two  procedures.  A  line  is  drawn  around  the  middle  of  the  uj^per  arm  of 
an  urticarial  subject  to  mark  the  level  to  wliich  it  will  be  immersed,  and  a 
series  of  firm  strokes  is  put  dowii  in  the  length  of  the  Hmb.  The  strokes 
are  laid  dowTi  so  that  half  of  each  lies  above  and  half  below  the  immersion 
Une  ;  they  are  laid  down  at  ^-minute  intervals  (or  less)  for  a  period  of  2 
minutes,  when  the  arm  is  immersed  in  water  at  44-45°C..  The  wheal  begins 
to  show  above  the  water  line  in  about  1  to  1 J  minutes  and  gradually  develops 
to  the  full.  If  the  arm  is  now  withdrawn  it  is  found  that  lines  laid  down 
1  to  li  minutes  before  the  immersion  began,  have  developed  equally  or 
almost  equally  throughout  their  length.  On  the  other  hand,  those  which 
were  laid  down  later  are  reduced  in  size  or  fail  to  appear  below  the  water 
line,  the  change  in  prominence  being  sharp  at  the  water  fine.  Broadly 
speaking,  if  the  heat  is  not  applied  until  about  the  time  when  the  wheals 
begin  to  show  themselves,  its  apphcation  .seems  to  have  only  an  inappreciable 
effect  on  the  subsequent  size  of  these  wheals. 

The  probable  meaning  of  these  phenomena  will  be  discussed  more 
conveniently  at  a  later  stage.  Meanwhile,  it  is  sufficient  to  note  that  similar 
statements  hold  good  if  lines  of  histamine  punctures  are  substituted  for  the 
strokes. 

Comment. 

The  foregoing  observations  are  relatively  simple  comparisons  between 
stroke  and  histamine  wheals  ;  certain  of  them  are  introduced  at  this  stage 
to  simpfify  the  description  of  more  complex  observations  which  are  to  follow. 
It  is  suitable  here  to  review  the  most  essential  resemblances  so  far  elicited. 

The  reactions  to  stroke  and  liistamine  present  similar  time  relations,  and 
it  has  been  shown  that  the  reaction  in  each  case  consists  of  : — 

(a)  A  local  dilatation  of  the  minute  skin  vessels  which,  since  it  occurs 
when  the  circulation  is  at  a  standstill,  is  a  primary  dilatation  of  these  vessels. 
It  is  not  dependent  upon  simultaneous  dilatation  of  the  arterioles. 

(6)  A  surrounding  flush,  which  is  due  to  widespread  dilatation  of  the 
skin  arterioles  ;  that  is  known  because  the  flush  is  of  a  bright  arterial  colour  ; 
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because  it  fails  to  appear  if  the  circulation  is  occluded  ;  because  in  its  area 
it  abolishes  cyanosis  produced  by  congesting  the  veins  of  the  arm  ;  and 
because  it  frequently  presents  capillary  pulsation. 

(c)  An  output  of  fluid  into  the  tissues  to  constitute  a  wheal.  This 
fluid  comes  from  the  vessels  and  the  rate  at  which  it  is  thrown  out  is  largely 
controlled  by  the  rate  of  blood  flow  through  the  tissue.  A  greatly  increased 
blood  flow  is  essential  to  rapid  whealing  ;  any  interference  which  impedes 
the  blood  flow  checks  the  rate  of  fluid  oiitput.  The  fluid  can  be  thrown  out 
against  relatively  high  external  pressures,  showing  that  whealing  is  not 
simply  dependent  on  increased  filtration  j)ressure,  and  evidencing  an  increased 
permeabiUty  of  the  vessel  wall.  The  last  is  not  due  essentially  to  simple 
distension  of  the  vessels,  but  to  some  independent  change  in  the  vessel  wall. 

It  is  clear  from  these  preliminary  observations  that  we  have  to  deal 
with  a  complex  reaction  ;  it  is  a  threefold  reaction,  each  constituent  part  of 
which  is  independent  of  the  other  parts.  That  the  local  dilatation  of  venules 
and  capillaries  is  independent  of  arteriolar  dilatation  has  been  demonstrated  ; 
that  increased  permeability  is  independent  of  the  vasodilatation  as  a  whole 
has  also  been  evidenced  and  will  receive  further  and  stronger  support  at  a 
later  stage,  when  it  will  be  seen  that  increased  permeability  may  fail  in  the 
presence  of  a  full  vascular  reaction.  That  the  arteriolar  dilatation  stands 
by  itself  is  proved  by  the  observations  on  the  influence  of  nerve  supply  which 
shortly  follow. 

Reaction  to  burning. 

In  later  sections  of  tliis  article,  the  local  reactions  to  excessive  heat  are 
dealt  ynth  from  time  to  time  ;  these  reactions  are  spoken  of  as  burn  reactions. 
The  stimulus  has  been  applied  by  a  method  previously  described.  The  end 
of  a  thin  test  tube  filled  with  boihng  water  is  brought  momentarily  against 
a  small  area  of  skin  ;  the  time  it  is  appUed  is  regulated  by  the  subject,  who 
withdraws  his  arm  as  soon  as  the  heat  Hegins  to  be  intolerable.  To  obtain 
a  good  vascular  reaction  the  tube  is  re-apphed  to  the  spot  about  6  times. 
When  two  areas  are  to  be  stimulated  equally,  they  must  be  heated  for 
precisely  the  same  periods,  with  tubes  of  equal  thickness  and  containing 
water  at  the  same  temperature.  This  simultaneous  heating  is  particularly 
important  when  one  area  so  heated  is  anaesthetic. 

The  reactions  to  excessive  heat  so  appUed  have  been  in  part  previously 
described^".  They  consist  of  a  local  reddening  of  the  skin,  which  soon 
becomes  surrounded  by  a  widely  spreading  and  bright  arterial  flush,  the 
margin  of  which  is  irregular,  and  which  often  jiresents  outlying  patches. 
If  the  stimulus  is  repeated  a  greater  number  of  times,  a  low  flat  wheal  appears 
over  the  area  to  wliich  the  heat  has  been  apphcd  ;  if  repeated  further  the 
skin  rises  and  a  bhster  is  produced.  Heat  wheals  can  be  produced  by 
repeating  a  stimulus  which  is  not  intolerable  if  this  method  is  followed. 
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Influence  of  neri'e  supply  to  the  skin. 

It  is  stated  by  Ebbecke^*  that  stroke  wheals  will  develop  upon  anivsthetic 
skin  ;  he  instances  a  ease  of  factitious  urticaria  in  which  a  local  patch  of 
anaesthesia  followed  a  wound,  and  states  that  the  wheal  devclopiiif?  on  this 
area  differed  from  that  on  the  sensitive  skin  chiefly  in  lacking  a  widespread 
surrounding  flush.  According  to  Ebbecke  ansesthesia  of  the  skin  has  no 
influence  upon  the  red  line  produced  by  stroking  but  abohshes  the  flush. 
It  is  probable  that  the  nerve  lesions  with  which  this  author  was  deahng  in 
describing  the  effects  on  the  flush  were  old-standing  lesions,  though  this 
cannot  be  ascertained  in  his  text. 

In  earlier  observations,  Miiller^*  records  an  instance  of  ansesthetic  skin, 
due  to  a  peripheral  nerve  lesion,  and  finds  that  the  red  flush  which  normally 
soon  surrounds  a  pin  prick  or  scratch  does  not  appear  on  such  skin.  Again 
we  are  left  in  doubt  as  to  whether  the  nerve  le.sion  was  new  or  old.  In  the 
same  article  Miiller  instances  cases  of  paraplegia,  following  caries  of  the  spine 
or  fractures  of  the  spine  and  states  that  while  the  flush  in  response  to 
scratching  is  preserved  in  skin  corresponding  to  segments  of  the  cord  below 
the  area  damaged,  it  is  abolished  over  a  narrow  zone  corresponding  to  the 
actual  level  of  the  lesion.  He  cites  two  ca.ses  to  this  effect,  and  the  peripheral 
nerve  lesion,  in  support  of  liis  conclusion  that  the  flush  is  a  reflex  depending 
upon  the  integrity  of  the  spinal  reflex  arc.  These  observations  of  Miiller 
appear  to  have  influenced  later  writers'"*",  who  seem  to  accept  his 
conclusion.  There  are,  however,  certain  reasons  for  doubting  its  vaUdity. 
When  the  skin  is  pricked,  a  patch  of  skin  precisely  surrounding  the  point 
pricked  becomes  flushed,  an  area  perhaps  no  more,  perhaps  less,  than  a 
square  centimetre  in  extent  ;  when  a  long  scratch  is  put  down  on  the  skin, 
the  Une  of  scratch  and  a  narrow  band  on  each  side  of  it  is  precisely  involved, 
irrespective  of  the  part  of  the  body  scratched,  and  without  the  reaction 
indicating  on  the  sldn  the  junctions  between  the  several  spinal  cord  segments 
which  would  necessarily  be  involved  in  such  a  reflex  as  is  suggested.  If  the 
phenomenon  is  a  spinal  cord  reflex,  then  every  square  centimetre  of  skin 
would  require  to  be  represented  in  the  corresjionding  segment  of  the  cord 
before  even  apjiroximately  accurate  reflexion  of  the  stimulus  could  occur. 
The  Loven  reflex^^,  in  which  vasocUlatation  of  the  skin  of  the  ear  as  a  whole 
can  be  produced  by  stimidating  the  central  end  of  the  sensory  nerves  supplying 
this  region,  is  a  coarse  affair  by  comparison  and  may  well  be  a  distinct 
phenomenon.  Now  Bruce^  has  shown  that  when  mustard  oil  is  applied  to 
the  conjunctiva,  the  vasodilatation  which  occurs  is  independent  of  the 
central  nervous  system,  since  it  is  seen  when  the  sensory  nerves  to  the 
conjunctiva  are  freshly  cut  ;  it  is  abohshed  when  these  nerves  are  allowed  to 
degenerate  and  is  reduced  when  their  endings  are  anaesthetised  locally. 
These  experiments  led  him  to  the  \aew  that  in  the  conjunctiva  the  reaction 
is  an  axon  reflex  ;  it  is  easy  enough  to  understand  how  a  local  reflex  of  the 
kind  Bruce  described  can  limit  the  field  of  vasodilatation  precisely  to  the 
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immediate  neiglibourhood  of  the  injury.  It  would  surely  be  extraordinary 
finally  to  conclude  that  the  reflex  in  the  case  of  the  conjunctiva  is  purely 
local,  while  a  similar  and  precise  reaction  on  the  skin  of  the  body  is  called 
forth  through  the  spinal  cord.  We  were  the  more  discontented  with  the 
evidence  .since  Breslauer^  has  shown  clearly  that  the  erythema,  which  follows 
an  appUcation  of  mustard  oil  to  the  skin,  is  also  a  local  reflex.  This  occurs 
equally  well  when  the  sensory  nerve  stems  to  the  part  are  intact  or  freshly 
divided  (by  .section  or  anaesthesia),  but  is  abolished  when  these  nerves 
degenerate  or  are  paralysed  by  local  injections  of  novocaine.  Miiller's  cases 
of  spinal  cord  damage,  as  these  are  described,  form  insuflficicnt  evidence  that 
the  flush  which  surrounds  an  area  of  mechanically  stimxdated  skin  depends  on 
the  integrity  of  the  spinal  reflex  arc  ;  no  evidence  is  presented  to  show  that 
the  sensory  nerves  were  undamaged  and  undegenerate,  presuming,  what  is 
probable,  that  his  cases  were  instances  of  long  standing  damage,  degeneration 
of  the  sensory  nerve  is  not  to  be  excluded  in  the  absence  of  evidence  to  this 
efl^ect.  In  view  of  what  has  been  said,  we  have  considered  it  desirable  to 
reinvestigate  the  matter  and  to  obtain  reactions  with  a  variety  of  stimuli. 

Local  skin  ancesthesia.  Using  a  solution  of  2  per  cent,  novocaine, 
skin  areas  of  the  forearm  2-4  centimetres  in  diameter  have  been  anaesthetised 
by  subdermal  injection.  If  the  injection  is  made  just  beneath  the  true 
skin,*  the  area  takes  a  bright  red  colour  and  becomes  entirely  insensitive  to 
touch,  pain  and  heat.f  This  reddening  of  the  skin  interferes  with 
subsequent  observations  upon  the  vascular  reactions.  To  investigate  the 
flush  which  normally  surrounds  a  histamine  wheal  or  a  burn  of  the  skin,  it 
is  necessary  that  the  area  anaesthetised  should  be  small  or  that  the  stimulus 
be  put  down  near  the  edge  of  the  anaesthetic  area  ;  accurately  to  determine 
the  extent  of  the  flush,  the  veins  of  the  arm  are  congested  previously  to 
40  or  50  mm.  Hg.  pressure.  The  flush  then  shows  red  on  a  blue  background. 
If  a  group  of  histamine  punctures  is  laid  down  on  an  anaesthetic  area  and  a 
control  group  is  put  down  on  normal  skin,  it  is  easy  to  demonstrate  that  both 
the  histamine  flush  and  the  burn  flush  is  abolished,  since  in  the  control  areas 
they  spread  widely,  while  the  edge  of  the  anaesthetic  flush  is  not  extended 
although  the  stimulus  is  put  down  quite  near  to  its  margin.  This  observation 
has  been  made  decisively  with  histamine  on  three  separate  subjects  on  more 
than  one  occasion  and  is  illustrated  by  Fig.  2.  The  effect  upon  the  arterial 
flush  surrounding  a  local  burn  is  similar ;  the  flush  is  abohshed,  as  we  have 
been  able  to  demonstrate  repeatedly.  If  the  anaesthetic  is  injected  a  Uttle 
deeper  beneath  the  skin,  the  redness  of  the  skin  is  less  conspicuous  and  may 
amount  to  a  faint  red  flush  only.     In  such  instances  the  flush  surrounding 

*  Injections  actually  into  the  true  skill  are  of  less  value  since  a  wheal  is  formed  by  the 
injected  fluid,  and  the  area  becomes  white  owing  to  collapse  of  the  skin  vessels.  Its  effects  on 
the  flush  surrounding  liistamine  punctures  are  the  same  as  those  described  for  deeper  injection. 

t  To  avoid  repetition  we  shall  in  future  employ  the  term  anaesthesia  to  imply  the  complete 
loss  of  these  three  sensations. 
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histamine  punctures  or  burns  would  be  detected  on  the  anaesthetic  area  were 
it  to  occur  ;  it  does  not  do  so,  though  we  regard  these  results  as  less  important 
since  the  paralj'sis  of  the  nerve  endings  is  more  questionable.  When  histamine 
is  put  down  on  skin  so  anaesthetised  wheals  usually  develop,  but  they  are 
of  reduced  size  as  compared  to  the  control  wheals  ;  they  are  reduced  the 
more  conspicuously  the  more  the  skin  is  flushed,  and  in  the  case  of  injections 
which  have  flowed  immediately  beneath  the  true  skin,  often  fail  to  appear. 
The  reduced  size  of  the  histamine  wheals  is  probably  connected  with  the 
increased  vascular  supply  to  the  skin.  A  number  of  observations  with  the 
thermopile  has  showTi  a  conspicuous  rise  of  temperature  (2-3°C.)  in  the  skin 
so  ana?sthetised  (for  instance  from  31-5°  to  33-4°C.). 

Histamine  wheals  also  fail  to  develop  fully  when  jmt  down  on  skin 
artificially  heated  or  on  skin  sho-ning  a  bright  flush  from  other  causes,  for 
example  on  the  flushed  skin  surrounding  an  urticarial  wheal. 


Normal 


AuaesthetisEd 


flush 


Fig.  2.  Normal  subject  (  X  2/3).  To  the  left  is  shown  the  area  of  flush  surrounding  4  histamine 
punctures  ( I  in  3,000) ;  laid  down  on  normal  skin.  To  the  right  is  shown  an  area  of  complete 
anaesthesia,  produced  by  subcutaneous  injection.  The  area  of  the  anaesthetic  flush  and  of 
partial  anaesthesia  is  a  Uttle  wider.  Two  series  of  histamine  punctures  have  been  laid  do%m 
along  the  borders  of  the  anEesthetic  area  ;   the  flushed  area  remained  jinchanged    in  extent. 


In  three  cases  of  urticaria  factitia  we  have  similarly  antesthetised  the 
skin  of  the  interscapular  region,  subsequently  firmly  stroking  the  skin  along 
a  line  passing  right  over  the  anaesthetised  area.  The  results  are  as  follows  : 
redness  appears  along  the  whole  Une  of  .stroke  and  this  is  followed  by  wheaUng ; 
but  in  all  instances  the  wheal  has  been  decidedly  less  prominent  where  the 
anaesthetic  area  is  crossed  ;  in  one  case  it  scarcely  appeared.  Where  the 
anaesthetic  flush  is  shght,  it  may  be  seen  that  no  additional  flush  develops 
round  the  red  line  on  the  anaesthetic  area.  Histamine,  punctured  into  these 
anaesthetic  areas  yields  reduced  wheals,  as  in  the  case  of  normal  skins. 
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To  sum  up,  thorough  and  superficial  ansesthetisation  of  the  true  skin 
abolishes  the  flush  which  surrounds  the  histamine  puncturCj  small  burns, 
and  a  Une  of  stroke  in  urticarial  cases  ;  both  histamine  and  stroke  wheals 
developing  upon  these  areas  are  of  reduced  size,  but  this  reduction  is  presum- 
ably associated  with  increased  vascularity  of  the  skin  upon  which  the 
stimulus  is  put  down  ;  the  presence  of  an  anaesthetic  flush  detracts  from  the 
value  of  the  observations,  so  far  as  the  reduction  in  the  size  of  the  wheal  is 
concerned.  It  is  also  to  be  stated  that  tiiese  observations  become  of  greater 
value  when  viewed  in  combination  with  those  now  to  be  described.  Standing 
by  themselves,  doubt  may  be  felt  as  to  whether  they  illustrate  anaesthetisation 
of  the  nerves  to  their  very  end  branches. 

Cases  of  nerve  degeveration.  Four  cases  of  old  standing  nerve  injury 
arising  out  of  war  wounds  have  been  examined.  In  tln-ee  of  these  cases  the 
ulnar  nerve  had  been  divided  near  the  elbow  ;  in  each  case  the  characteristic 
muscular  paralysis  was  associated  with  complete  anaesthesia  of  the  ulnar 
border  of  the  hand  and  wrist  and  of  the  little  finger  and  part  of  the  ring 
finger.  In  the  third  case  the  median  nerve  had  been  cut,  and  had  left 
paralysis  of  the  corresponding  mu.scles  and  an  area  of  complete  anaesthesia 
involving  the  ventral  surface  of  the  thumb  and  of  the  index  finger  and  a 
portion  of  the  palm  of  the  hand.  In  all  three  cases  at  the  time  of  examination 
the  area  of  anesthesia  had  been  stationary  for  several  or  many  years.  The 
following  statements,  except  when  mentioned  to  the  contrary,  ajiply  to  all 
four  cases. 

(a)  The  vessels  of  the  arm  were  occluded  for  3-5  minutes  and  released. 
A  general  hypcraemia  followed  and  tills  spread  uniformly  over  the  anaesthetic 
and  aesthetic  areas  of  skin. 

(b)  Several  histamine  punctures  (1  in  3,000),  were  laid  down  quite 
symmetrically  on  the  two  hands,  both  congested  by  throwing  pneumatic 
pressure  upon  the  upper  arm.  On  the  insensitive  side,  the  site  of  puncture 
was  in  each  instance  marked  by  a  small  bright  red  spot,  a  few  miUimetres 
in  diameter  ;  on  the  sensitive  side,  a  bright  flush  of  several  centimetres 
diameter  a^Dpeared.  Thus  on  the  anaesthetic  side  dilatation  of  arterioles 
was  confined  to  the  region  directly  influenced  by  liistamine.  Owing  to  the 
tests  being  made  for  the  most  jDart  on  the  skin  of  the  hand,  whealing  was 
usually  very  shght  or  moderate  in  amount ;  the  wheaUng  when  distinct 
(2  cases)  was  equal  on  the  two  hands  ;  the  histamine  punctures  were  put 
down  as  near  to  the  border  of  the  hand  or  wrist  as  possible.* 

(c)  The  arms  being  first  congested,  the  circulation  was  occluded  and 
histamine  punctures  were  laid  down  symmetrically.  Purple  spots  soon 
developed  around  the  site  of  puncture  in  three  out  of  the  four  cases,  and  were 
alike  in  size  and  appearance  on  the  two  hands. 

♦  Whealing  being  better  marked  on  tlie  skin  of  the.se  parts. 
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(d)  Procedure  (6)  was  repeated  in  3  cases,  substituting  rciieated  strokes 
with  a  blunt  point  for  histamine  punctures.  In  two  cases  red  lines  were 
alone  produced  on  the  sensitive  and  insensitive  side  ;  in  the  other  two  cases 
the  red  Une  soon  became  surrounded  by  a  spreading  flush  on  the  normal 
side,  but  none  appeared  on  the  anaesthetic  side. 

(e)  With  the  arms  congested  as  in  {b),  the  ends  of  two  test  tubes 
containing  boiling  water  were  repeatedly  apphed  for  equal  and  short  periods 
to  symmetrical  areas.  Local  reddening  was  produced  on  both  hands,  but 
this  was  always  surrounded  by  a  spreading  flush  on  the  normal  hand,  never 
on  the  ana?sthetic  hand. 

To  sum  up,  the  hyperaemia  wliich  follows  release  of  an  occluded  circula- 
tion is  not  noticeably  influenced  by  nerve  degeneration.  Bier'  has  already 
shown  that  it  occurs  when  all  the  nerves  to  a  limb  have  been  freshly  cut. 
This  hyperaemia  seems  to  be  independent  not  only  of  a  reflex  spinal  arc, 
bat  also  of  a  local  nervous  mechanism  ;  the  same  statements  and  conclusion 
apply  to  the  local  hyperaemia  produced  by  liistamine,  strokes  and  heat.  In 
contrast  with  the  local  reaction  is  the  behaviour  of  the  surrounding  erythema  ; 
this  does  not  occur  in  the  denervated  skin,  whether  the  stimulus  takes  the 
form  of  liistamine  punctures,  stroking  or  burning.  Lastly,  whealing  of  the 
skin  to  histamine  is  uninfluenced  by  degeneration  of  the  nerves. 

Freshly  divided  nerves.  We  have  been  unable  to  obtain  cases  of  sensory 
nerve  palsy  arising  from  recent  wounds  and  have  therefore  resorted  to  a 
method  described  by  Trotter  and  Davies^-.  If  the  forearm  is  searched  with 
a  faradic  current  issuing  from  a  pointed  electrode,  the  course  of  these  nerves 
for  a  short  distance  from  the  point  at  wliich  they  immerge  from  the  deep 
fascia  can  be  determined  accurately.  These  courses  are  marked  on  tlie  skin 
and  one  or  more  of  the  nerves  is  selected  and  paralyses  by  an  injection  of 
2  per  cent,  novocaine  and  1  in  100,000  adrenaUn.  So  accurate  is  the  faradic 
method  that  the  nerve  can  usually  be  touched  A\'ith  the  point  of  the  injecting 
needle  and  an  injection  of  a  few  c.cm.  of  anassthetic  yields  a  complete 
paralysis  lasting  several  hours.  A  protocol  of  a  single  series  of  observations 
made  in  all  essentials  with  the  same  result  uiion  the  arms  of  each  of  us  %vill 
suificiently  illustrate  the  method  and  our  findings. 

The  cutaneous  branch  of  the  musculocutaneous  nerve,  and  the  adjoining 
branch  of  the  internal  cutaneous  nerve  were  anaesthetised  by  sejiarate 
injections  of  2  or  3  c.cm.  of  adrcnaUnised  novocaine  about  4  cm.  below  the 
elbow  joint.  The  greater  part  of  the  skin  of  the  front  of  the  forearm  became 
completely  anaesthetic,  tlus  aiiEesthesia  extending  almost  to  the  wrist  in 
front  and  beyond  the  radial  border  of  the  arm  to  the  posterior  aspect  of  the 
wrist.  The  area  was  outUned  and  the  lower  part  of  it,  well  away  from  the 
site  of  injection,*  was  used  for  observation.     The  anaesthesia  lasted  several 

*  An  essential  precaution  when  adrenalin  is  used  in  the  injection  ;  the  object  of  the  adrenalin 
is  to  prevent  quick  absorption  of  the  anjesthetic. 
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hours.  A  slight  but  just  j^erceptible  flush  appeared  over  parts  of  the 
anaesthetised  area  and  quickly  faded  away  again.  Thermopile  readings 
then  showed  the  temperature  of  the  skin  to  be  equal  on  the  two  sides  within 
a  small  fraction  of  a  degree  centigrade. 

(a)  The  effect  of  occluding  and  releasing  the  circulation  were  not  tested 
on  this  arm  ;  it  was  tested  in  the  second  subject  and  gave  the  expected 
result,  namely,  a  uniform  hyperaemia. 

(6)  Two  groups  of  3  histamine  punctures  were  laid  down  symmetrically 
on  the  arms,  the  veins  being  congested  to  50  ram.  Hg.  previously.  Flushes 
extending  for  several  centimetres  in  all  directions  from  the  punctures 
appeared  on  the  two  arms.  They  were  equal  in  extent  and  brightne.ss  and 
equal  wheals  subsequently  appeared  on  the  two  sides. 

(c)  Two  similar  groups  of  histamine  punctures  were  laid  down  sym- 
metrically on  the  arms  after  congesting  them  and  occluding  the  circulation. 
Purple  spots  in  the  immediate  vicinity  of  the  punctures  developed  equally 
on  the  two  arms  ;  on  releasing  the  circulation  equal  and  widespread  flushes 
appeared,  and  subsequently  equal  wheaUng  was  seen. 

(rf)  Procedure  (6)  was  repeated,  substituting  for  the  histamine  stimulus, 
10  firm  superimposed  strokes.  Local  red  lines,  quickly  surrounded  by  a 
flush,  3-4  cm.  in  diameter,  developed  on  both  arms  ;  and  both  lines  of 
stimulation  subsequently  showed  whealing.  The  wheaUng  was  a  Uttle 
greater  on  the  aesthetic  side,  otherwise  the  reactions  were  identical.  Repeated 
on  another  part  of  the  arm  two  hours  later,  equal  flushes  and  equal  wheals 
were  obtained.  (The  second  subject  showed  equal  whealing  on  the  two  arms 
in  similar  circumstances.) 

(e)  With  the  veins  of  the  arms  congested  to  50  mm.  Hg.,the  arms  were 
symmetrically  heated  with  test  tubes  of  boihng  water.  A  local  red  reaction, 
accompanied  by  a  vivid  and  extensive  surrounding  flush,  appeared  equally 
on  the  two  arms.     The  reaction  was  repeated  later  with  identical  results. 

(/)  Scratches  6  or  7  cm.  long  with  the  point  of  a  needle  were  made 
symmetrically  on  the  two  arms.  Fine  red  hnes  appeared  and  were  soon 
surrounded  by  flushes  of  about  3  cm.  diameter.  Eventually  the  lines  of 
scratch  developed  definite  wheals.  The  appearances  were  quite  similar  on 
the  aesthetic  and  anaesthetic  arms.* 

While  carrying  out  these  observations,  our  colleague  Dr.  K.  8.  Hetzel 
injected  into  his  own  forearm  a  dose  of  1  c.cm.  pituitrin  solution  in  connection 
with  his  own  observations.  He  told  us  that  as  a  result  he  had  developed  a 
patch  of  anaesthesia  on  his  arm  and  kindly  allowed  us  to  make  observations 
upon  it.  The  arm  was  examined  3  days  after  the  injury  and  an  area  of 
complete  anaesthesia  outUned  about  5  cm.  below  the  site  of  the  injection  and 

*  This  teat  was  not  repeated  on  tlie  second  subject,  the  space  available  being  insufficient. 
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evidently  due  to  the  injection  having  hit  a  nerve  trunk.  Tlic  area  was  0  cm. 
long  and  about  2  cm.  broad.  We  congested  this  arm  and  tested  it  with 
4  histamine  punctures  ;  the  reaction  to  these  punctures  included  widespread 
flushes  and  well  developed  wheals,  equal  in  every  respect  to  those  appearing 
on  control  skin  of  the  same  arm.  Stimulated  with  hot  test  tubes,  the  usual 
central  redness,  surrounded  by  a  widespread  flush,  appeared  ecpially  on  the 
anaesthetic  and  sesthetic  skin.  On  the  14th  day  after  the  injury  the  area 
of  anesthesia  was  inichanged  ;  ten  superimposed  strokes  were  put  down  on 
it  and  on  control  skin  ;  equal  and  widespread  flushes  developed  around  the 
local  red  lines.  On  the  21st  and  22nd  days  the  area  was  again  examined 
and  the  anaesthesia  found  to  be  unchanged ;  a  hyperaesthetic  area  now  bounded 
it.  Altogether  5  liistamine  punctures  were  put  down  at  intervals  on  the 
anaesthetic  area,  the  arm  being  first  congested,  and  an  equal  number  on 
control  skin.  Those  on  the  anesthetic  skin  all  showed  central  and  bright 
red  spots  immediately  around  the  punctures,  but  no  trace  of  surrounding 
flush  ;  the  control  series  presented  the  usual  widespread  flushing.  The 
wheals  of  the  two  series  were  well  developed,  in  fact  unusually  large,  but 
equal.  On  the  23rd  day  the  temperature  of  the  anaesthetic  skin  was  found 
to  average  32-2°,  that  of  a  neighbouring  area  31-9°  ;  two  groups  of  3  closely 
set  liistamine  punctures  were  put  down  on  these  two  areas,  on  the  former  the 
temperature  subsequently  rose  0-4°  and  on  the  latter  Oo°C.,  an  inappreciable 
difference.  Testing  the  arm  with  heat,  only  a  local  redness  appeared  on  the 
anaesthetic  area,  but  was  surrounded  on  the  control  skin  by  a  bright  and 
widesjiread  flush.  Ten  firm  and  superimposed  strokes  gave  a  corresponding 
result,  a  local  red  fine  on  the  anaesthetic  area,  a  red  fine  surrounded  by  a  wide 
flush  on  the  aesthetic  area  ;  sUght  and  equal  whealing  followed  along  both 
lines.  Occlusion  of  the  circulation  was  followed  on  release  by  a  bright 
hyperaemia  affecting  anaesthetic  and  aesthetic  areas  equally.  Thus,  in  the 
fresh  stage  the  reactions  to  histamine  (3rd  day),  burn  (3rd  day),  and  stroke 
(14th  da3')  were  quite  normal  ;  on  the  21st  to  23rd  days,  a  sufficient  time 
having  elapsed  for  degeneration  to  occur,  the  flushes  surrounding  the  points 
stimulated  in  each  of  these  several  ways  failed  to  ai)pear,  the  remainder  of  the 
reaction  in  each  case  presenting  no  ajDpi-eciable  change. 

To  sum  up,  on  areas  rendered  anaesthetic  by  distant  and  fresh  nerve 
section  the  reactions  to  histamine  puncture,  to  burning  and  to  repeated 
stroking  or  to  scratching,  each  of  the  last  two  being  sufficiently  potent  to 
produce  wheaUng,  are  identical  with  those  produced  on  normal  skin.  We 
particularly  emphasise  the  intactness  of  the  surrounding  flush  developed  by  all 
these  forms  of  stimulation.  These  flushes,  one  and  all.  fail  in  skin  in  which  the 
nerves  have  degenerated  or  in  which  the  skin  is  adequately  anaesthetised 
locally.  All  these  flushes  are  fundamentally  alike  ;  they  seem  to  be  identical 
in  nature  with  those  observed  by  Breslauer*  to  follow  the  application  of 
mustard  oil,  in  that  they  are  all  independent  of  reflexes  through  the  central 
nervous  system  ;  they  are  all  j^roduced  by  a  local  reflex  mechanism,  similar 
to  that  described  by  Bruce^  in  the  conjunctiva. 
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Conimenl. 

Reviewing  our  conclusions  to  this  point,  we  have  seen  that  the  reactions 
of  the  skin  to  stroking  on  the  one  hand  and  to  histamine  puncture  on  the 
other  are  threefold,  (o)  An  independent  local  vasodilatation  caused  without 
the  intervention  of  the  nervous  system,  {h)  An  independent  and  widespread 
dilatation  of  the  arterioles,  dependent  upon  a  local  reflex,  (c)  An  independent 
and  local  change  in  the  permeability  of  the  vessel  walls,  which,  like  the  local 
vasodilatation,  is  uncontrolled  by  the  nervous  system.  The  reactions  in  the 
case  of  stroke  and  histamine,  those  most  fully  compared,  appear  to  be 
identical ;  the  reactions  to  other  injuries,  such  as  burning,  show  similar 
resemblances. 

The  total  reaction  of  the  skin,  though  of  this  complexity,  is  the  same  for 
two  apparently  distinct  classes  of  stimuli,  mechanical  and  chemical.  We 
may  with  some  confidence  add  a  third  class,  the  thermal  stimulus  which, 
if  pressed,  also  leads  to  whealing  ;  though  the  reaction  to  this  stimulus  has 
been  less  extensively  examined.  Such  being  the  case  the  presence  of  a 
common  factor  of  causation  in  the  reactions  arising  from  the  several  forms  of 
stimulus  inevitably  suggests  itself. 

Simply  to  compare  the  reactions  to  stroking  and  histamine,  to  show 
them  to  be  similar  or  different,  has  not  been  our  sole  purpose.  We  hojied 
that  the  histamine  reactions,  if  similar  to  the  stroke  reactions,  might  throw 
light  on  the  latter.  Those  observations  wliich  appear  to  us  to  do  so  and 
which  seem  to  bring  us  nearer  the  common  factor  are  now  to  be  described, 
and  we  shall  come  shortly  to  the  chief  thesis  of  our  paper. 


Evidence  of  the  release  of  a  histamine-like  substance 
in   skin   injuries. 

Susceptibility  of  urticarial  jHttients  to  histamine  and  other  substances. 

It  is  clear  that  in  urticaria  factitia  the  skin  is  hypersensitive  to  stroking, 
responding  by  the  production  of  wheals.  Tliis  suscei^tibiUty  of  the  skin 
might  be  peculiar  to  the  stroke  stimulus  or  it  might  be  a  more  general 
susceptibiUty.  The  skin  of  4  such  patients  {Subjects  1  to  4)  has  been  tested 
against  controls  to  determine  this  point,  1  in  3,000  and  1  in  30,000  solutions 
of  histamine  being  used  in  each  case.  The  i^reHminary  vascular  reactions 
and  the  ultimate  wheals  were  no  greater  than  those  found  in  controls.  In 
two  patients  we  have  also  used  morpliia  hydrochloride  (1%),  atropine  sulphate 
(l^o)  and  formic  acid  (10%),  for  these  are  also  known  to  produce  wheals 
when  punctured  into  the  skin^^*^i  ;  the  resultant  wheals  were  no  greater 
than  in  controls  similarly  tested.  We  have  also  enquired  of  our  patients 
as  to  their  susceptibility  to  wheal  in  response  to  gnat  bites  and  nettle  stings  ; 
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they  appear  to  react  normally,  though  with  variations  similar  to  those 
experienced  by  control  subjects,  that  is  to  say,  healthy  people  who  present  no 
wheals  on  simple  stroking.  It  may  be  stated  here  that  there  is  some  variation 
in  the  response  of  controls  to  histamine,  and  that  similar  variations  are 
encountered  in  urticarial  patients. 

The  susceptibility  to  wheal  in  urticarial  cases  proves  to  be  a  susceptibility 
pecuhar  to  stroking  and  to  similar  mechanical  injuries.*  If  the  susceptibility 
in  urticarial  patients  consists  of  an  unusual  reactivity  of  the  vessels  concerned, 
then  the  stroke  and  the  histamine  stimulus,  producing  as  they  do  similar 
vascular  reactions,  would  be  anticiiiated  to  jield  equally  exaggerated 
reactions.  In  actual  fact  they  do  not ;  the  reaction  to  stroking  in  urticarial 
patients  is  alone  exaggerated.  To  put  the  matter  more  broadly,  if  we 
conclude,  and  it  is  difficult  to  avoid  concluding,  that  the  same  complex 
mechanism  is  set  in  motion  by  two  distinct  forms  of  stimulus,  but  is  set  in 
motion  by  only  one  in  an  exaggerated  fashion,  then  undue  susceptibility 
of  this  mechanism  in  the  urticarial  patient  is  incredible.  We  come  to  the 
conception  that  for  some  reason  a  single  stroke  forms  in  the  urticarial  subject 
a  more  adequate  stimulus  to  a'  mechanism,  composed  as  it  is  of  such  nerve  and 
vascular  tissue  elements  as  are  involved,  which  is  no  more  than  normally 
excitable.  Now  since  the  stroke  is  a  similar  stroke  to  that  wliich  is  put  down 
on  the  normal  arm  and  wliich,  if  unrepeated,  yields  but  a  limited  response, 
we  are  led  to  inquire  if  this  stroke  does  in  reaUty  constitute  the  essential 
stimulus.  Tills  enquiry  is  answered  and  our  conceptions  are  carried  a  stage 
further  by  the  following  observations. 


Diffusible  substances  responsible  for  the  local  vasodilatation  in  normal 
and  urticarial  skins. 

It  has  been  customary  to  describe  one  of  two  local  effects  when  the  normal 
skin  is  stroked  ;  light  stroking  fields  a  white  line  due  to  contraction  of  the 
capillaries  and  venules  ;  heavier  stroking  produces  a  red  Une,  due  to  dilatation 
of  the  same  vessels.  The  first  effect  is  probably  ascribed  correctly  to 
stimulation  of  contractile  elements  (Rouget  cells)  lying  on  the  walls  of  the 
minute  vessels.  The  last  has  been  interpreted  as  due  to  paralysis  of  these 
cells  by  the  heavier  stimulus.  The  natural  reaction  of  involuntary  muscle 
to  mechanical  stimuli  is  contraction  ;  relaxation  in  direct  response  to  a 
stronger  stimulus  of  the  same  kind  has  not  been  convincingly  described 
as  far  as  we  are  aware.  The  reason  usually  given  for  the  appearance  of  the 
red  line  cannot  be  regarded  as  entirely  satisfactory  therefore.  Now  it  is 
notable    that  this  red  fine  when  produced  on  the  occluded  arm  does  not 

*  One  of  our  patients  (Sttbject  6),  liowever,  was  the  occasional  subject  of  spontaneous 
urticaria,  a  second  susceptibility  wliich  may  or  may  not  be  fundamentally  identical  with  the 
first. 
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subside  during  the  period  of  occlusion.  So  long  as  the  circulation  is  stopped, 
the  Une  persists  at  its  maximal  intensity  (tested  up  to  25  minutes).  This 
statement  is  true,  whether  the  original  stroke  is  heavy  or  lighter,  providing 
that  a  red  line  appears.  If  corresponding  strokes  are  put  down  on  the 
unoccluded  arm,  the  Ughter  of  these  fades  away  considerably  during  the 
same  time  intervals  and  is  usually  almost  impei-ceptible  at  the  end  of  ten 
minutes  or  less  ;  similar  fading  is  to  be  seen  in  the  red  hne  on  the  occluded 
arm  after  the  circulation  is  released.  These  observations  suggest  that  the 
stimulus  producing  the  local  red  hne  jiersists  with  its  full  force  throughout 
a  period  of  occlusion,  and  that  the  line  is  not  the  direct  result  of  the  mechanical 
stimulus.  Wliile  suggestive,  there  is  an  element  of  uncertainty  in  this  evidence, 
since  after  fading  the  red  line  may  reaj^pear  on  a  normal  arm  at  a  later  period  ; 
until  the  meaning  of  this  late  reappearance  is  more  fully  understood,  a  positive 
conclusion  cannot  perhaps  l>e  drawn  from  the  time  periods  of  the  first  fading. 
The  matter  is  placed  on  a  much  more  definite  basis  by  the  next  observations. 

Spread  of  local  skin  reaclions.  If  histamine  (1  in  3,000)  is  punctured 
into  a  normal  skin  and  the  latter  is  closely  watched  for  the  first  appearance 
of  wheaUng,  this  will  be  found  to  follow  the  puncture  usually  in  about 
1^  minutes.  The  diameter  of  the  wheal  at  this  stage  is  approximately  2  mm., 
but  while  it  is  growng  in  height  during  the  next  few  minutes  its  diameter 
also  increases.     The  following  are  examples.* 


'I'iiiie  after  [mni-Uiro 

111  nuns. 

Diameter  of  wheal  in  iiiillinietres. 

R.G. 

T.L. 

Co. 

1 

1-7 

— 

— 

n 

2-0 

20 

2-3 

H 

2-5 

2-6 

2-9 

3  J 

30 

2-9 

31 

H 

3-4 

3-6 

3-5 

5i 

3-9 

40 

3-7 

6i 

40 

4-0 

3-8 

n 

40 

4-0 

3-8 

8i 

— 

— 

3-8 

10 

41 

- 

*  The  results  are  similar  wlietlier  normal  or  urticarial  subjects  are  used. 
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A  similar  spread,  tiiougli  of  less  extent,  is  seen  in  instances  of  stroke 
wheals  in  urticarial  subjects.     Thus  : — 


Time  after  s 
in  mills 

troke 

Dial 

uL-U-r  ul  « I.e. 

;l  in  luilliiuoti-fs 

Subject 

i. 

i. 

.   2. 

5. 

u 

4-3 

- 

- 

- 

2 

- 

4-5 

— 

- 

24 

SO 

50 

40 

5-7 

4 

51 

5-2 

4-3 

01 

5 

50 

5-2 

— 

GO 

7 

" 

: 

4-8 

l)-7 

Oil 

Although  the  histannne  and  stroke  wheals  resemble  each  other  in  this 
respect,  the  resemblance  is  not  necessarily  of  any  great  significance,  for  it 
may  be  argued  that  the  fluid,  gathering  in  the  skin  in  both  instances  under 
some  pressure,  naturally  tends  to  shift  towards  the  sides.  As  in  the  resem- 
blance between  the  degrees  of  wheaUng  over  different  portions  of  the  forearm, 
this  may  also  be  explained  on  simple  groimds,  and  no  Kght  is  thereby  throw  n 
on  the  nature  of  the  processes  involved  in  the  production  of  the  wheals. 

Of  much  more  significance  from  tliis  standpoint  are  the  following 
observations.  The  normal  forearm  is  congested  by  placing  an  armlet  on  the 
upper  arm  and  raising  the  pressvure  to  20  or  30  mm.  Hg.  ;  after  a  few  minutes 
the  pressure  is  abruptly  raised  to  200  mm.  Hg.  to  occlude  the  circulation. 
At  the  end  of  a  minute  a  series  of  histamine  punctures  (1  in  3,000)  is  made 
into  the  skin.  The  punctured  skin  is  hghtly  vaseUned  and  the  arm  placed 
in  water  at  18-20°C.*  Before  long  small  purple  spots  appear  at  the  sites 
of  puncture  ;  they  quickly  become  more  sharply  defined  and  proceed  to 
increase  in  chameter.  The  spots  remain  clearly  defined  and  no  wheals 
develop  so  long  as  occlusion  continues  ;  but  if  at  any  stage  of  the  observation 
the  armlet  pressure  is  released  and  the  skin  is  warmed,  wheals  quickly  appear, 
and  the  diameters  of  these  wheals  w-hen  they  are  first  sufficiently  defined 
to  measvure  correspond  accurately  to  the  diameters  of  the  jjurple  spots 
which  they  replace. 

Thus,  although  the  circulation  in  the  arm  is  brought  to  a  standstill, 
the  area  of  capillaries  and  venules  dilated  locally  by  histamine  notably 
increases  ;  the  diameter  increases  by  about  2  milfimetres  (doubling  itself) 
in  about  8  minutes.     Moreover,  the  area  over  which  the  w^alls  of  the  minute 


*  Tlie  reason  for  employing  the  cold  bath,  as  will  be  seen  later,  is  that  it  preserves  such 
permeability  of  the  vessels  as  is  produced. 
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Time  after  puncture 
in  mins. 

Average  diameters  of  puqjle  spots  in  m 

illimetres. 

R.Q. 

T.L. 

Co. 

2J 

10  approx. 

20 

20 

3i 

2-7 

2-0 

2-4 

4J 

30 

2-8 

2-8 

Si 

30 

31 

31 

6J 

3-0 

31 

3-3 

8i 

3-5 

3-5 

3-7 

lOi 

3-8 

4-0 

4-0 

Arm  released  ;    size  of 

beginning  wheals    

3-8 

4-0 

4  0 

vessels  develop  increased  permeability  enlarges  correspondingly.  The 
diameter  of  the  wheal,  measuring  this  when  it  first  appears,  depends  upon  the 
length  of  the  occlusion.  There  can  be  Kttle  or  no  doubt  as  to  the  meaning 
of  this  reaction.  Histamine  is  forced  into  the  skin  along  a  needle  track  and, 
when  the  circulation  is  at  a  standstill,  it  diffuses  in  every  direction  and,  to 
judge  from  the  almost  circular  shape  of  the  spots,  almost  equally  through  the 
surrounding  skin.  Some  such  spread  no  doubt  occurs  in  the  skin  in  which 
the  circulation  is  free,  for  wheals  developing  in  these  circumstances  cover 
an  area  which  is  greater  than  the  area  actually  damaged  by  the  needle  or 
originally  contaminated  by  histamine  ;  but,  as  we  have  seen,  this  spread 
may  be  attributable,  in  part  at  all  events,  to  shifting  of  the  fluid  gathering 
under  pressure.  When  gradual  and  seemingly  regular  spread  of  the  local* 
vascular  reaction  occurs  in  the  occluded  arm,  simple  diffusion  of  the  poison 
is  alone  adequate  as  an  explanation. 

A  similar  encroachment  upon  the  surrounding  skin  is  noticed  in  the  case 
of  the  local  vascular  reaction  which  follows  stroking  in  urticarial  subjects. 
The  observation  is  carried  out  as  for  the  histamine  puncture,  the  arm  being 
congested  and  its  vessels  occluded.  After  an  interval  of  a  minute  or  more 
the  skin  is  firmly  stroked.  The  borders  of  the  purple  hue  which  develops 
are  accurately  marked  by  inking  the  skin,  and  ink  Unes  are  Ughtly  ruled  on 
the  skin  across  the  hne  of  stroke  to  mark  the  points  for  measurement  ;  the 
skin  is  vaseUned  and  laid  in  cold  water  (16-18°C.),  and  the  measurements 
proceed.  We  include  a  few  representative  examples  from  different  subjects 
in  the  accompanying  table.  The  spread  of  the  red  hne  is  evident  without 
measurement,  for  it  encroaches  upon  and  sometimes  passes  the  lines  inked 
at  its  original  margins.     In  some  instances  after  spread  has  occurred  it  is 


■  As  opposed  to  that  which  is  reflex. 
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Figs.  1  and  2.  Portions  of  long  curves  taken  at  frequent  intervals  to  illustrate  the  effect  of  a  single  close  of  0-6  of 
a  gramme  of  quinidine  (see  Talile  III).  The  curves  o  to  g  were  taken  20,  80,  120,  14."),  ir)S,  108  and  177  minutes, 
respectiveh',  after  the  dose.  The  curves  traced  successi\'ely  show  lengthening  of  the  paroxysm  and  slowhig  of 
the  paroxismal  rates  from  1.58  to  83.     The  last  strip  ;/  shows  pure  normal  rhythm. 

In  these  and  the  remaining  curves  the  time  is  in  fifths'of  a  second  and  the  ordinatps  aie  1  cm.  —1  Tiiillivolt. 


^^Baiiia=a»i 


,  :i.  Two  strips  ul  ^■ul^c  li.jiii  a  [>n-\  inu>  SCI  ics  ni  (,i  )sci\  at  ions  I  see  I  al.ie  11;  Uikcii  al.  a  iaslcr  rate,  to  display 
the  difference  in  the  form  of  the  par.KO.\sinal  and  normal  am-icular  deflei'tion.  The  first  strip  .4  .shows  a  con- 
tinuous paroxysm  at  a  rate  of  114,  taken  108  mintites  after  a  single  dose  of  0()  of  a  gramme  of  quinidine.  Strip 
B,  taken  20  minutes  later,  shows  normal  rhythm  interrupted  by  a  single  extrasystole,  P', 
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Time  after  stroking 
in  mills. 

Av.  diani.  of  ] 

nirple  line  in  millimetres. 

Subji.ct 

/. 

/. 

2. 

3. 

5. 

2 

4-7 

4(1 

40 

- 

41 

3 

— 

— 

— 

3-75 

41 

4 

50 

4-5 

4-0 

- 

4-3 

5 

— 

— 

— 

4-0 

4-3 

6 

7-2 

50 

4-3 

- 

4-3 

7 

— 

— 

— 

4  0 

4-4 

8 

80 

5-5 

4-7 

— 

4-4 

9 

— 

— 

— 

4-3 

4() 

10 

9-7 

5-7 

50 

- 

4-7 

12 

— 

6-7 

5-0 

5-5 

4-8 

Ann  released  ;    size  of 
beginning  wheals  ... 

T-T 

7-0 

O-.") 

,V,3 

still  possible  to  define  the  original  borders  ;  the  colour  of  the  central  parts 
of  the  line  is  a  tiifle  darker,  the  recently  opened  vessels  contain  blood  which 
is  a  Uttle  more  oxygenated,  for  it  has  lain  a  lesser  time  in  contact  with  the 
tissues.  As  in  the  case  of  histamine,  the  wheals,  when  these  first  appear  on 
releasing  the  arm,  have  much  the  same  diameter  as  have  the  corresponding 
purple  lines  at  the  instant  of  release  ;  there  is  spread,  not  only  in  the  area  of 
dilated  vessels,  but  also  an  increase  in  the  area  of  relativelj'  permeable  vessels. 

The  table  shows  a  definite  spread  in  the  cases  of  the  last  three  columns 
(Subjects  2,  3  and  5)  ;  it  was  much  more  conspicuous  in  the  case  of  the  first 
column  {Subject  1)  and  associated  with  this  is  the  fact  that  this  patient  is 
our  case  of  most  conspicuous  wheaUng.  On  his  skin,  the  purple  fines  at  the 
end  of  the  occlusion  were  somewhat  less  sharply  defined  at  their  edges  than 
in  the  other  patients  ;  it  was  also  noticed  that  the  margins  of  the  wheals, 
subsequently  developing,  exhibited  a  similar  lack  of  marginal  crispness, 
rendering  their  measurements  a  fittle  less  certain.  In  the  case  of  tlus  patient, 
amongst  others,  we  have  adopted  a  control  procedure.  One  arm  is  treated 
as  described,  being  occluded  for  10  minutes,  while  the  other  is  stroked 
simultaneously  without  occIucUng  its  vessels.  The  wheals  subsequently 
appearing  on  the  occluded  arm  presented  diameters  averaging  7-2  milhmetres  ; 
those  on  the  unoccluded  arm  averaged  51  millimetres  and  were  notably 
crisper  at  their  edges  ;  the  measurements  were  made  in  both  instances  at  the 
time  of  the  wheal's  first  appearance. 

The  spread  of  the  vascular  reaction  to  stroking  in  the  occluded  Umb  of 
urticarial  subjects,  and  the  widening  of  the  area  of  relatively  permeable 
vessels  which  goes  hand  in  hand  with  it,  is  to  be  interpreted  as  similar  or 
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identical  in  origin  to  the  parallel  phenomena  observed  in  the  histamine 
reaction.  The  comparison  is  important  because  in  the  last  case,  we  have 
introduced  a  diffusible  substance  into  the  skin,  because  we  expect  diffusion 
to  occur  during  the  j^eriod  when  the  circulation  is  at  a  standstill,  and  to 
exhibit  itself  by  creating  a  more  widespread  reaction.  The  parallelism 
supports  the  view  that  in  the  line  of  stroked  skin  a  diffusible  substance, 
having  a  similar  local  action  to  that  of  histamine  and  producing  vasodilata- 
tion on  the  one  hand  and  increased  permeability  on  the  other,  is  hberated. 
The  suggestion  is  also  compatible  with  the  following  further  observations. 
If  we  choose  the  arms  of  non-susceptible  subjects  and  stroke  these,  after 
congesting  them  and  after  occluding  their  vessels  and  proceeding  in  other 
details  in  a  fashion  similar  to  that  described,  the  purple  Unes  appear  ;  but 
as  the  occlusion  is  continued,  the  diameters  of  these  lines  do  not  appear 
measurably  to  increase  and  wheals  do  not  appear  when  the  arms  are  released. 
The  following  observations  (first  three  columns)  undertaken  simultaneously 
with  those  on  histamine  and  tabulated  on  page  230,  are  sufficiently  illustrative. 
Assuming  a  diffusible  substance  to  be  liberated  by  stroking,  the  absence  of 
perceptible  widening  of  the  vascular  reaction  in  the  non-susceptible  subject 
is  to  be  explained  by  its  hberation  in  insufficient  quantity  ;  the  absence  of 
ultimate  whealing  is  correspondingly  explained  ;  for  spread  of  the  vascular 
reaction  on  the  hypothesis  suggested  requires  tliffusion  of  enough  substance 
to  raise  its  concentration  to  a  level  in  the  surrounding  skin  adequate  to 
produce  a  vascular  reaction.  In  the  last  column  of  the  same  table  is  given 
the  result  of  repeatedly  stroking  one  of  these  relatively  non-susceptible 
arms.     In  this  instance  the  vascular  reaction  spreads  and   on  releasing  the 


Time  after  stroke 
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Diameter  of  purp 
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i?.ff. 

T.L. 

G. 
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— 
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6J 
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— 
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- 
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circulation  whealing  occurs.  The  last  example  is  parallel  in  every  respect  to 
the  reaction  in  an  urticarial  subject,  and  the  observation  differs  only  in 
the  necessary  repetition  of  the  stimulus.  If  we  assume  that  the  stroke 
liberates  a  diffusible  substance  in  the  urticarial  subject,  we  must  assume 
that  it  does  so  also  in  the  normal  subject,  but  that  it  is  Uberated  in  insufficient 
amount  to  produce  wheahng  unless  the  stimulus  is  a  repeated  one. 

We  next  proceed  to  examine  the  flush  along  somewhat  similar  hnes. 


The  flush  is  due  to  a  chemical  stimulus. 

When  histamine  is  punctured  into  the  skin,  a  surrounding  erj'thema 
or  flush  appears  in  about  20  seconds,  spreads  and  reaches  its  height  in  about 
3  or  4  minutes  and  subsequently  begins  to  fade  away.  The  flush  surrounding 
iiistamine  punctures  in  an  urticarial  skin  is  not  perceptibly  brighter  nor  more 
extensive  than  is  that  similarly  produced  in  a  normal  skin.  A  .similar  and 
extensive  flush  is  seen  around  the  hne  of  stroke  in  urticarial  subjects  and 
around  the  Une  of  stroke  in  normal  subjects  if  strolung  is  repeated.  The 
similarity  between  the  flushes  which  surround  a  Iiistamine  and  a  stroke 
wheal,  and  the  similarity  of  their  time  relations,  suggests  them  to  be  of 
similar  nature.  In  both  instances,  as  has  been  shown,  the  flush  is  due  to  a 
local  reflex.  When  a  Iiistamine  puncture  forms  the  stimulus,  the  flush 
might  be  ascribed  either  (1)  to  the  immediate  stimulus  of  the  prick  alone, 
for  a  simple  prick  also  produces  a  surrounding  flush  in  both  normal  and 
urticarial  subjects,  or  (2)  to  the  introduction  of  the  poison  alone.  It  is  easy 
to  show  that  the  first  is  not  true,  since  the  flush  surrounding  the  site  of  a 
histamine  puncture  is  brighter  and  far  more  extensive  than  that  surrounding 
the  site  of  a  simple  prick  in  the  same  case.  The  flush  surrounding  a  histamine 
puncture  might  also  be  supposed  (3)  to  arise  in  part  from  the  stimulus  of 
pricking  and  in  j^art  from  the  action  of  the  poison.  The  appearance  of  a 
flush  around  the  site  of  a  prick  on  the  normal  skin  is  insufficient  evidence 
that  the  pain  stimulus  of  pricking  can  by  itself  induce  a  flush  even  in  a 
normal  skin.  Obviously  there  is  the  alternative  explanation  that  the  prick, 
by  damaging  the  tissues,  hberates  substances  wliich  themselves  awaken  a 
vascular  response  ;  that  is  a  question  to  Mliich  we  shall  retiu-n  presently. 
Apart  from  its  more  extensive  character,  clear  evidence  is  forthcoming  both 
in  normal  and  in  urticarial  cases  that  the  gi'eater  part  if  not  the  whole  of 
the  flush  surrounding  a  Iiistamine  puncture  is  due  to  the  action  of  the  poison. 
Briefly  tliis  evidence  consists  in  showing  that  the  fading  of  the  flush  can  be 
deferred  by  occluding  the  blood  vessels  to  the  affected  sldn.  If  a  group  of 
three  closely  set  histamine  punctures  (1  in  3,000)  is  laid  down  on  the  skin  of 
a  forearm,  the  flush  soon  appears,  spreads,  becomes  more  vivid  and  then 
begins  to  fade.  The  manner  of  fading  is  of  interest  ;  small  pale  areas  appear 
at  first  in  the  outermost  parts  of  the  flush  and  later  nearer  its  centre  ;  these 
coalesce  and  small  detached  areas  of  flush  are  left,  themselves  fading  in 
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colour  and  gradually  diminishing  in  size.  It  is  not  an  easy  matter  to  time 
accurately  either  the  first  sign  of  fading,  or  the  actual  end  of  the  flush  ;  but 
it  can  be  ascertained  very  readily  in  most  subjects  that  fading  is  far  advanced 
witliin  10  minutes  of  the  laying  down  of  punctures.  If  a  similar  group  of 
histamine  punctures  is  laid  down  on  a  forearm  the  vessels  of  which  have 
pre\aously  been  occluded,  and  occlusion  is  maintained  for  a  further  period 
of  ten  minutes  or  more  and  the  arm  then  released,  the  whole  arm  at  once 
becomes  brightly  hyperamic*  The  general  hypersemia  shortly  begins  to  fade 
from  all  parts  except  the  neighbourhood  of  the  histamine  punctures.  As 
it  les.sens,  the  flush  surrounding  these  punctures  becomes  clearly  defined  ; 
it  is  then  standing  at  its  height,  being  equal  in  extent  to  that  seen 
on  the  unoccluded  arm,  and  its  fading  away  can  be  followed  stage  by  stage. 
If  two  arms,  one  subsequently  occluded  for  10  minutes  and  the  other  unoc- 
cluded, are  stimulated  simultaneously,  the  fading  of  the  histamine  flush  on 
the  unoccluded  arm  is  far  advanced  before  that  on  the  occluded  and  released 
arm  begins.  In  other  words,  the  occlusion  postpones  the  dying  away  of  the 
flush.  In  practice  it  is  actually  found  that  the  fading  of  the  flush  on  the 
occluded  arm  is  a  Uttle  slower  than  that  on  the  unoccluded  arm,  but  the 
comjiarison  is  not  quite  a  fair  one,  since  the  one  arm  has  been  occluded  and  the 
other  has  not  ;  their  condition  during  the  period  when  fading  is  occurring  is 
not  quite  the  same,  the  occluded  arm  becoming  the  cooler.  To  compare  more 
accurately  the  time  relations  of  fading  on  the  two  arms,  the  following  method 
has  been  adopted  and  used  upon  a  number  of  subjects.  The  vessels  of  both 
arms  are  occluded  for  a  given  period  of  time,  usually  11  minutes.  One 
minute  after  occlusion,  a  group  of  three  liistamine  punctures  is  laid  down  on 
one  arm  ;  the  occlusion  is  continued  for  9  minutes,  when  a  group  of  histamine 
punctures  is  laid  down  symmetrically  on  the  second  arm  ;t  occlusion  is 
continued  again  for  1  minute,  and  the  arms  are  simultaneously  released. 
Now  the  arms  have  been  treated  in  a  precisely  similar  fashion  except  that 
on  one  a  group  of  histamine  punctures  has  been  laid  down  10  minutes  and 
on  the  other  1  minute  before  its  release.  The  general  hypersemia  fades 
away  and  the  histamine  flushes  become  defined  simultaneously  on  the  two 
arms,  and  their  borders  are  simultaneously  marked  by  hghtly  inking  the  skin 
(usually  3  minutes  after  the  release).  A  few  minutes  later  the  borders  of 
the  flushes  are  again  simultaneously  outhned.  In  marking  out  the  borders 
of  the  flush  on  the  second  occasion,  any  completely  detached  portions  are 
neglected,  the  area  of  continuous  flush  being  alone  included  for  the  sake  of 
simplicity.  After  a  further  interval  the  outhnes  are  again  marked,  and 
finally  the  times  at  wliich  the  last  and  central  remnants  of  flush  disappear  are 

*  The  so-called  "reactive  hypeni'iuia  "  wliich  always  follows  the  release  of  a  previously 
obstructed  circulation. 

t  In  using  one  arm  to  control  the  other  in  this  and  similar  obser%'ations,  it  is  a  matter  of 
moment  to  determine  that  they  are  of  equal  temperature  and  that  they  wheal  equally  ;  otherwise 
the  second  arm  is  not  a  fit  control. 
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noted.  Wc  then  possess  two  diagrams  such  as  are  shown  in  Fig.  3  and 
can  compare  them.  The  values  set  against  the  contours  represent  tlie 
corresponding  times  from  the  release  of  the  circulation  (the  values  in  brackets 
represent  the  times  which  have  elapsed  since  the  punctures  were  put  down). 
Corresponding  contours  (right  and  left)  naturally  vary  from  each  other  in 
form  and  somewhat  in  extent,  one  way  or  the  other  ;  but  in  general  it  may  be 
stated  that  they  are  remarkably  ahke.  The  fading  on  each  arm  occurs 
simultaneously  ;  it  also  occurs  in  the  same  fashion,  namely,  by  the  appear- 
ance of  mottUng,  which  is  at  first  confined  to  the  outer  parts  of  the  flush  ; 
using  the  method  described,  it  is  not  possible  to  decide  from  the  appearances 
of  the  two  arms,  at  any  stage  following  the  release,  which  was  punctured 
first.  The  delay  in  the  fading  of  the  flush  on  the  arm  flrst  punctured  is 
delayed  precisely  by  that  period  of  the  occlusion,  which  falls  between  the 
puncture  of  one  arm  and  the  other  ;  that  is  so  whether  the  interval  is  5, 
10  or  15  minutes.  The  meaning  of  this  delay  is  evident.  The  histamine 
which  is  punctured  into  the  arm  at  an  early  stage  of  the  occlusion  is  retained 
there,  and  so  long  as  it  remains  and  acts,  the  arterioles  of  the  flushed  area 
stay  open.*  It  is  inconceivable  that  the  flush  which  remains  on  releasing 
this  arm  is  due  in  any  part  to  the  original  mechanical  or  painful  stimulus 
of  pricking.  A  reflex  vasodilatation  so  caused  would  subside  with  equal 
or  almost  equal  quickness  whether  the  arm  was  occluded  or  not  ;  its  action 
would  not  be  delaj'cd  or  continued,  by  the  time  period  of  the  occlusion. 
The  delayed  fading  of  the  flush  shows  very  conclusively,  if  such  evidence  is 
required,  that  the  reflex  flush  is  provoked  by  liistamine  and  not  by  the 
prick. 

This  conclusion  may  not  seem  to  possess  intrinsically  any  great  import- 
ance. It  becomes  important  when  it  is  apphed.  If  we  find  that  stopping 
the  circulation  for  fixed  periods  of  time  accurately  delays  any  vascular 
flush,  such  as  might  otherwise  be  supposed  to  arise  from  a  mechanical 
stimulus,  we  may  place  such  a  mechanical  stimulus  out  of  court  as  the  direct 
cause  of  the  flush,  and  thus  obtain  a  proof  that  the  immediate  cause  is  a 
chemical  stimulus,  of  a  nature  similar  to  that  which  obtains  in  the  case  of 
the  liistamine  reaction. 

For  this  reason  we  have  repeated  our  observations,  now  using  urticarial 
subjects  and  stroking  the  skin,  with  keen  expectancy  that  we  should  obtain 
decisive  evidence,  one  way  or  the  other,  in  respect  of  the  central  problem 
of  our  stutUes.  The  flush  which  develops  around  such  strokes  behaves  in 
precisely  the  same  way  as  does  that  surrounding  histamine  punctures,  as 


*  The  vessels  are  relaxed  throughout  the  period  of  occlusion  around  a  histamine  puncture  ; 
if  the  vessels  of  the  arm  are  not  only  occluded  but  tlie  veins  are  also  slightly  congested,  a  very 
faint  shadow  of  what  will  subsequently  form  a  bright  flush  is  sometimes  visible.  A  similar 
observation  has  been  made  by  Carrier  and  Rehberg  (SIcayul.  Archiv  f.  Physiol.,  iy21-2,  xli-ii, 
250)  in  the  ease  of  the  flush  surrounding  strokes.  In  both  instances  however  this  phenomenon 
seems  to  point  to  active  and  reflex  dilatation  of  the  minute  skin  vessels,  rather  than  the  arterioles, 
though  the  last  are  no  doubt  involved  likeivise. 
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gout   7l{l3) 


4fn) 
11(21) 
Z5  (35) 
32(42) 


goTu.   u{Bi) 


4-W 


4(14; 


gone      9(I0) 


go-ae.    io(zi; 


Fig.  3  (  X  2/3).  Normal  subject.  In  tliis  and  the  succeeding  two  figures,  the  left  outline  corre- 
sijonds  to  a  left  arm  area  anil  tlie  riglit  to  a  symmetrical  right  arm  area  of  skin.  The  vessels 
of  both  arms  were  occluded  ;  a  group  of  tlu-ee  histamine  punctures  (1  in  3,000)  (above),  and 
a  group  of  three  simple  pin  pricks  (below)  was  put  down  on  the  right  forearm  1  minute  after 
the  occlusion  and  on  the  left  forearm  1 0  minutes  after  the  occlusion.  The  occlusion  of  each 
continued  to  the  11th  minute,  when  both  arms  were  released.  The  outlines  of  the  flushes, 
aroused  by  the  stunuli,  were  outluied  at  fixeil  times  after  the  release  of  the  vessels  and  these 
times  are  expressed  in  minutes  against  the  corresponding  contours.  The  numbers  in  brackets 
represent  the  corresponding  times  elapsing  after  the  stimuli  were  laid  down.  The  times 
at  which  the  flushes  disappeared  completely  are  also  noted.  The  positions  of  the  i)unctinoa 
are  also  shown. 


we  know  from  repeated  tests  upon  a  number  of  urticarial  patients.  The 
contours  of  fading  show  the  parallelism  jireviously  described  (Fig.  4)  ;  the 
fading  occurs  in  the  same  fashion,  namely,  by  the  appearance  of  pale  areas 
which  gradually  coalesce. 

In  an  earlier  part  of  tliis  section  the  possibiUty  was  discussed  that  the 
flush  which  comes  around  a  simple  i^in  prick  may  be  due,  not  to  the  pain 
stimulus  of  the  prick,  but  to  damage  of  the  tissues  and  to  the  setting  free  of 
substances  in  the  tissues  which  themselves  directly  determine  the  flush. 
Evidence  for  this  is  obtained  by  the  method  here  described  and  is  illustrated 
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Flu^hs-i  U/hidls  Kcma-iru 


gone     4^(52; 


qoru.     f4(f5) 


Fig.  4  (  X  2/3).  Su6;ec<  2,  urticarial.  The  vessels  of  tlie  two  arm.s  were  occlutlecl.  One  inuiute  later 
the  left  forearm  was  stroked  (above),  and  a  group  of  three  histamine  punctures  (1  in  3,000) 
was  laid  down  (below)  ;  at  the  10th  minute,  or  9  minutes  later,  the  right  forearm  was 
similarly  and  sj-mmetricp-lly  treated,  both  arms  being  released  at  the  11th  minute.  The 
contours  of  the  flushed  areas  are  shown  as  these  fade  away.  In  the  stroke  figures,  the  fading 
was  followed  until  tlie  flush  confinecl  itself  to  the  wlieals. 


in  Fig.  3.  The  fading  of  the  pin  prick  flush  is  postponed  by  stopping  the 
circulation  in  the  limb,  and  it  is  po.stponed  by  precisely  the  period  of  time 
intervening  between  the  pin  prick  and  the  release  of  the  arm. 

A  similar  statement  applies  to  the  spreading  flush  which  follows  excessive 
heating  of  the  skin.  If  a  test  tube  containing  boihng  water  is  laid  on  a  small 
area  of  skin  until  a  stinging  heat  is  felt,  and  this  stimulus  is  repeated  half  a 
dozen  times  in  quick  succession,  the  skin  is  not  only  reddened  over  the 
immediate  area  of  contact,  but  over  a  wide  area  around.  As  has  been  shown, 
the  outside  flush  is  due  to  a  reflex  arteriolar  dilatation.  If  this  form  of 
stimulation  is  applied  to  an  arm  in  which  the  vessels  are  occluded,  and  this 
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Almost qom.  67(77)  gone.     76(77) 


Fi".  5  (  X  2/3).  Normal  subject.  The  vessels  of  both  arms  were  occluded,  the  left  arm  at  0  minutes 
and  the  right  at  9  minutes.  At  10  minutes,  the  arms  were  burnt  equally  and  synunetrically 
over  small  areas.  At  the  end  of  the  11th  minute  of  its  occlusion  each  arm  was  released. 
The  contours  of  the  flushes  as  these  faded  are  shown  at  corresponding  periods  of  time  after 
the  release.  The  central  contour  on  each  side  approximately  corresponds  to  the  area 
originally  heated. 


occlusion  is  maintained  for  a  number  of  minutes,  the  fading  of  the  flush  is 
postponed  by  that  period  of  time  (Fig.  5).  In  carrying  out  this  observation 
we  have  not  occluded  the  two  arms  simultaneously,  but  have  occluded  the 
one  for  1  minute  and  the  other  for  10  minutes  and  have  then  heated  the  two 
.simultaneously  ;  otherwise  it  is  difficult  to  apply  equal  stimuh  to  the  two 
arms.  Each  arm  is  released  at  the  end  of  its  period  of  11  minutes'  occlusion, 
and  the  time  of  fading  charted.  Apart  from  the  fact  that  the  outlines  are 
not  drawn  simultaneously,  these  charts  may  be  read  in  the  same  fashion  as 
those  previously  used  as  illustrations. 

To  sum  up,  it  is  to  be  concluded  that  the  flush  which  surrounds  an 
urticarial  wheal,  a  simple  pin  prick,  or  a  burn  of  the  skin  is  in  each  case  due, 
not  to  a  direct  stimulation  of  a  local  nervous  mechanism  and  to  a  reflex 
vasodilatation  arising  therefrom,  but  to  substances  released  in  the  skin  by 
damage  of  the  tissue  elements  ;  these  flushes  are  all  produced  in  a  fashion 
fundamentally  the  same  as  that  which  is  produced  by  the  introduction  of 
histamine  into  the  skin. 

In  contrast  to  the  delaying  effects  which  obstructing  the  circulation  has 
upon  the  flushes  of  liistamine,  burns,  etc.,  is  the  absence  of  such  an  effect 
upon  the  local  redness  produced  by  temperatures  of  about  43  °C..  If  the 
two  arms  are  occluded  and  immersed  in  water  as  follows  : — 
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Ht.  arm.  lA.  arm. 

2  niins.         . .  43°  .  .  33° 

6  mins.  .  .  33°  .  .  33° 

2  mins.         . .  33°  . .  43° 

2  mins.         . .  33°  . .  33° 

and  the  arms  arc  then  \nthdrawn  and  released,  botli  l)ecame  universally 
hyperaemic.  When  this  hyperaemia  fades  away,  the  hyjjersemia  produced 
by  heat  is  seen  on  that  which  last  experienced  the  heat  (the  left)  ;  on  the 
other  (the  right),  little  or  no  trace  of  heat  hyperaemia  is  seen  ;  or  if  a 
heat  hyperaemia  is  at  first  perceptible  on  both  arms,  it  fades  to  impercepti- 
bility  on  the  right  arm  about  8  minutes  earher  than  on  the  left  arm.  When 
an  arm  is  immersed  in  the  hot  water  in  this  experiment  it  should  be  immersed 
to  a  marked  level  and  held  quite  still  ;  and  it  should  be  immersed  more 
deeply  in  the  cooler  water.  The  local  redness  produced  by  mild  heating  is 
apparently  not  due  to  the  liberation  of  vasodilator  substances,  but  seems  to  be 
a  more  direct  effect,  as  it  has  usually  been  thought  to  be.  The  illustration  is 
perhaps  of  most  value  here  in  showing  that  vessels  of  the  skin  if  dilated  by  a 
cause  wliich  is  not  persistent,  decrease  in  size  again  after  a  suitable  interval 
of  time,  whether  the  circulation  is  stopped  or  not. 

To  return  to  the  stroke  reaction  ;  it  has  now  been  shown  that  three 
independent  parts  of  this  reaction,  namely,  the  local  vasodilatation,  the 
surrounding  reflex  vasodilatation  and  the  oedema  can  none  of  them  legiti- 
mately be  attributed  to  the  mechanical  stimulus.  In  the  first  and  third 
case  there  is  evidence  that  a  diffusible  substance  is  Uberated  in  the  skin 
and  jaelds  the  local  dilatation  and  oedema  ;  in  the  second  case  we  have 
evidence  that  a  chemical  substance  is  Uberated  and  jdelds  a  widespread 
arteriolar  dilatation  through  a  local  nervous  mechanism.  It  is  unnecessary 
to  postulate  more  than  one  substance  to  explain  the  triple  reaction.  Further 
evidence  that  increased  permeability  is  a  response  to  a  chemical  stimulus  is 
pro\"idcd  by  the  following  experiments. 


Effects  on  the  n-heal  of  occluding  the  vascular  supply,  and  of  variations 
produced  by  heat  and  cold  in  these  circumstances. 

An  armlet  is  placed  on  one  upjjer  arm  of  an  urticarial  subject  and  the 
pressure  in  it  is  raised  to  a  point  far  above  the  systoUc  pressure  ;  the  two 
arms  are  firmly  stroked  and  two  series  of  histamine  punctures  are  laid  down 
also  on  symmetrical  areas.  On  the  unoccluded  arm,  stroke  and  puncture 
jield  the  usual  wheals  within  three  or  four  minutes  ;  on  the  occluded  arm 
no  trace  of  wheal  is  to  be  seen,  and  this  is  so  even  if  the  occlusion  is  prolonged 
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for  25  minutes.  If,  however,  the  pressure  is  released  at  the  time  when  the 
wheals  have  develoi^ed  on  the  control  arm,  they  quickly  develop  on  the 
released  arm  also.  These  facts  have  been  referred  to  already  ;  but  in  carrying 
out  the  observations  other  inijiortant  points  have  come  to  hght.  If  the 
occlusion  is  carried  lieyond  a  certain  period  of  time  the  wheals  which  develop 
on  release  are  reduced  in  size  ;  if  the  occlusion  be  very  prolonged  whealing 
fails.  The  time  relations  vary  considerably.  In  some  subjects  occlusion 
for  5  minutes  is  sufficient  completely  to  prevent  the  ajjpearance  of  the  wheal 
which  normally  follows  stroldng,  in  others  and  more  usually  longer  periods  of 
time  are  required.  Not  only  is  there  a  variation  from  subject  to  subject  but 
(here  is  considerable  variation  in  the  same  sul)ject  from  time  to  time. 
Similar  statements  apply  to  the  histamine  wheal,  with  this  diflference  only, 
that  in  general  a  longer  occlusion  is  required  to  aboUsh  a  1  in  3,000  histamine 
wheal  than  a  stroke  wheal  in  the  same  case.  It  was  in  investigating  I  he 
effects  of  occlusion  upon  histamine  wheals  on  our  own  arms  that  we  first 
noticed  tliisvariabiUty,  and  it  has  been  submitted  to  prolonged  investigation. 
One  of  the  first  factors  considered  was  room  temperature,  but  no  relation 
to  this  could  be  found  witliin  such  limits  as  16'  and  2C°C..  We  thought 
that  the  amount  of  blood  left  in  the  occluded  arm  might  be  vari^ing  and 
occluded  the  arm  quite  abruptly  from  a  large  pressure  reservoir,  with  the 
arm  held  vertical  or  after  congesting  it  to  various  points.  We  also 
considered  the  possible  effects  of  previous  exercise  upon  the  condition  of  the 
limbs  ;  but  from  none  of  these  sources  could  we  derive  the  information 
required.  On  one  day  a  10  minute  occlusion  has  resulted  in  the  complete 
failure  of  the  wheal,  on  the  next  or  more  distant  day,  the  observation  has 
been  carried  out  in  a  preeiseh^  similar  fashion  in  so  far  as  time  of  day,  previous 
exercise,  room  temperature  and  the  degree  of  venous  engorgement  were 
concerned,  and  the  same  length  of  occlusion  has  seemingly  been  without 
material  influence  on  the  ultimate  size  of  the  wheals.  We  greatly  desired 
to  obtain  a  constant  method  of  preventing  wheals  developing.  Ultimately 
skin  temperature,  as  opposed  to  room  temperature,  was  found  a  chief  cause 
of  variation,  and  we  began  to  obtain  constant  results  when  the  hmbs  were 
immersed  in  water  at  given  temperatures. 

Effects  of  heat.  If  histamine  (1  in  3,000)  is  punctured  into  an  occluded 
arm  and  this  is  soaked  for  3-8  minutes  in  water  at  from  43-45°C.,  on  drjing 
and  releasing  the  arm  much  reduced  wheals  or  no  wheals  appear.  When 
satisfied  that  this  reaction  was  constant  in  three  individuals,  we  began  to 
investigate  the  question  further  in  an  attemj^t  to  analyse  more  precisely  the 
reason  why  the  wheal  fails.  Our  procedure  was  first  of  aU  as  follows.  The 
arm  being  occluded  and  remaining  occluded  for  1  minute,  three  groups  of 
histamine  punctures  (1  in  3,000)  were  laid  down  on  the  ventral  sldn  of  the 
forearm  in  the  relative  positions  shown  in  the  accompanying  diagram. 
These  three  may  be  termed  A,  B  and  C  respectively.     All  three  groups  were 
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now  quickly  and  tliinly  coated  with  vaseline*  and  the  arm  placed  in  hot 
water  obUquely,  so  that  the  water  was  along  the  line  marked  /  in  the  diagram. 
The  arm  lay  in  tliis  position  for  a  snitable  period,  varying  from  1|  to  2^ 
minutes,  and  was  then  brought  upright  so  that  the  water  lay  along  hne  2 
in  the  diagram  ;  immersion  then  continued  for  another  jjeriod  varying  from 
IJ  to  2  minutes.  The  precise  times  and  temperatures  to  suit  a  particular 
arm  are  ascertained  by  trial.  The  arm  is  withdrawn,  dried  Ughtly  and 
released.  Large  wheals  develop  in  group  A  and,  if  suitable  temperatures  are 
employed,  the  wheals  are  definitely  reduced  in  size  in  group  B  and  are  still 
more  reduced  or  absent  in  group  C'.f  Now  all  groups  are  upon  skin  which 
has  been  deprived  of  its  circulation  for  a  given  time  and  all  experience  a 
hypera?mia  on  release,  the  hypertemia  derived  from  occlusion  itself. J  Two 
groups  have  been  heated  and  both  show  reduction,  one  group  has  been  heated 
longer  than  the  other  and  shows  greater  reduction  ;  both  these  groups 
subsequently  show  the  hypera^mia  of  heat  when  the  arm  is  released.  If  one 
group  alone  is  heated,  only  that  group  experiences  the  subsequent  hypersemia 
produced  by  heat,  and  it  is  possible  that  tins  hyper semia  might  tend  to 
prevent  the  full  development  of  wheals  subsequently.  It  is  for  this  reason 
that  we  have  immersed  both  B  and  C  in  hot  water,  though  for  varying  times, 
so  that  both  groups  might  subsequently  experience  the  heat  hypersemia. 

On  a  few'  occasions,  however,  we  noticed  that  the  subsequent  heat 
hypertemia  over  group  C  was  a  little  more  intense  than  over  group  B,  and 
tliis  discovery  necessitated  a  further  precaution.  It  will  presently  be  seen 
that  if  the  arm  is  occluded,  pinictin-ed  and  soaked  in  cold  water,  the  wheals  are 
preserved.  Our  next  step  therefore  was  to  repeat  our  observations  in  the  same 
fashion,  but  finishing  by  soaking  all  three  groups  in  cold  water  (IS-IG^C.) 
for  5  minutes  before  releasing  the  armlet  (hne  ■3).§  This  bath  of  cold  water 
prevents  the  arm  from  developing  any  appreciable  subsequent  hypersemia,  due 
to  previoiis  heating,  and  renders  the  concUtions  under  w'hich  the  wheals  of 
groups  B  and  C  actually  develop  more  com2)letely  similar.  The  results  are 
the  same  as  previously  described,  full  w'heals  in  group  A,  i-educed  wheals 
in  group  B  and  much  reduced  or  absent  in  group  C.  The  only  difference  in 
the  treatment  of  groups  B  and  C,  from  first  to  last,  is  the  heating  of  C  for 
approximately  4  minutes,  and  of  B  for  approximately  2  minutes.  Yet  this 
difference  of  treatment  usually  produces  a  clear  or  conspicuous  difference 


*  Our  first  observations  of  this  kind  were  made  without  this  precaution,  but  on  subsequently 
testing  the  effects  of  soaking  a  developing  liistaniine  wlieal  in  water  we  sometimes  thought  we 
could  detect  a  slight  effect  upon  it ;  our  obser\'ations  were  therefore  repeated  as  here  described, 
and  in  all  subsequent  immersion  experiments  (including  those  previously  described  in  other 
sections)  we  have  consequently  used  vaseline  to  keep  the  skin  dry  throughout  the  obser\'ations. 

t  If  the  immersion  of  group  B  is  too  short,  no  certain  difference  between  it  and  A  will  be 
detected  ;   if  it  is  heated  too  long  it  will  be  found  in  the  same  condition  as  C 

I  Such  influence  as  this  hyperaemia  may  exercise  is  discussed  at  a  later  stage. 

§  It  is  also  advisable  further  to  immerse  the  arm  in  water  at  body  temperature  for  a  minute 
before  the  actual  release,  otherwise  goose  skin  often  develops  from  the  cold  water  and  the  com- 
parative size  of  the  wheals  may  then  be  difficult  to  judge. 
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Fig.    ().      The   squares  are   marked   on   the  arm   beforehand  ;     the   circles   indicate   tlie   points 
subsequently  punctured. 


in  result.  That  the  difference  in  the  sizes  of  the  ultimate  wheals  is  due  to  the 
different  temperatures  at  which  they  are  maintained,  during  the  period  of 
occlusion,  and  that  it  is  not  due  to  the  after  effects  of  such  temperatures  at  the 
release  of  the  circulation,  is  proved  by  repeating  the  experiment  and  punctur- 
ing liistamine  into  areas  B  and  C,  not  after  the  occlusion,  but  just  before  the 
circulation  is  released.  Equal  and  prominent  wheals  then  appear  in  the 
two  areas,  although  such  after  effects  of  heating,  as  may  be  supposed  to 
persist,  are  fully  experienced.  It  is  of  interest  to  note  in  the  main  experiment 
that  if  the  final  immersion  in  cold  water  for  5  minutes  does  not  inchule 
group  A,  this  series  of  wheals  is  exposed  to  room  temperature  (about  20°C.) 
throughout  and,  having  its  vascular  supj^ly  cut  off,  usually  displays  reduced 
or  much  reduced  wheals  ultimately  ;  the  relative  effects  in  groups  A  and  B 
are,  of  course,  michanged  in  this  variant  of  the  experiment.  We  have  tested 
the  effects  of  occlusion  and  warming  at  33-3fi°C.  in  a  similar  way  and  find  the 
wheals  are  reduced  or  prevented  by  it,  though  to  a  lesser  extent  than  with 
the  hotter  water. 


The  effects  of  cold.  After  occluding  the  limb,  and  at  the  end  of  a  minute 
puncturing  in  the  histamine,  group  C  is  immersed  for  5  minutes  in  water 
at  12°-13°C..     Groups  B  and   C  are  then  immersed  in  water  at  38°  for  2 
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or  3  minutes  and  tlic  arm  dried  and  released.  The  largest  wheals  develop 
and  these  are  full  in  group  C,  those  of  group  B  are  much  reduced  or  absent, 
having  been  exposed  to  room  temperature  for  5  minutes  and  to  38°  for  2 
minutes  ;  the  wheals  developing  in  group  A  which  have  been  exposed  to  room 
temperature  throughout  are  intermediate  in  size. 

A  variation  of  the  experiment  testing  the  effects  of  heat  and  cold  is  the 
following.  Groups  B  and  C  are  placed  at  a  wider  interval  from  each  other, 
namely,  near  the  radial  and  ulnar  sides  of  the  arm  and,  after  occluding  the 
circulation  in  the  usual  way,  the  arm  is  jjronated  and  the  radial  side  carrvdng 
group  B  is  brought  under  hot  water  at  43°  for  2  minutes,  while  mops  of  cold 
water  (at  18°)  are  applied  constantlj'  to  group  C.  At  the  end  of  2  minutes, 
groups  B  and  C  are  immersed  for  5  minutes  in  water  at  18°.  The  arm  is  then 
supinated  and  its  ulnar  side  carrjdng  group  C  is  immensed  in  water  at  43°, 
while  mops  of  water  at  18°  are  applied  to  B.  Both  are  now  soaked  in  water 
at  18°  for  2  minutes,  the  arm  is  then  placed  in  water  at  37°  to  avoid  subsequent 
goose  skin  and  the  wheals  allowed  to  develop  while  it  is  immersed.  At  the 
end  of  the  observation  the  groups  have  been  treated  as  follows  : — 


Occluded 


Unoccluded..      ..     37°     until  wheals  develop  fully. 

The  wheals  of  the  two  groups  develop  equally,  both  sets  being  reduced. 
Tliis  fact  confirms  the  view  that  heat  affects  the  reaction  when  it  is  applied 
and  not  through  its  after-effects,  namely,  heat  hyperaemia  at  the  release, 
which  is  slightly  present  in  the  case  of  group  C  while  negligible  in  group  B. 
The  observation  also  excludes  different  effects  of  heat  at  the  beginning  and 
end  of  a  period  of  occlusion  ;  it  has  been  repeated  on  several  subjects,  heating 
sometimes  the  radial  side  and  sometimes  the  ulnar  side  of  the  arm  first.* 

Thus  it  is  shown  that,  the  circulation  being  occluded,  wheals  subsequently 
developing  are  reduced  in  size  or  wheals  fail  to  develop  and  that  this  effect  is 
assisted  by  liigh  and  hindered  by  low  temperature  ;  the  temperature  effect, 
occurring  as  it  does  during  the  period  in  which  no  blood  is  flowing  in  the  arm, 
forcibly  suggests  chemical  action. 

Stroke  ivheals.  The  effects  of  occluding  the  circulation  and  maintaining 
the  arm  at  hot  or  cold  temperatures  on  stroke  wheals  are  the  same  as  upon 
histamine  wheals.  Our  observations  have  been  carried  out  on  four  urticarial 
subjects,  and  we  have  used  both  the  liistamine  and  stroke  stimulus  in  these. 

*  A  necessary  precaution,  since  wheals  do  not  always  develop  quite  equally  on  the   two 
bordera  of  the  hmb. 
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Thus  if  the  observations  illustrated  by  Fig.  6  are  repeated  with  histamine  on 
an  urticarial  case,  results  identical  with  those  already  described  are  obtained. 
If  simultaneously  with  these  histamine  punctures  strokes  are  laid  down, 
each  one  parallel  and  near  to  a  group  of  punctures,  the  two  sets  of  reactions 
(for  histamine  and  stroke)  may  be  obtained  in  one  observation  and  the  sets 
compared.  But  this  simultaneous  method  is  not  often  satisfactory  since  the 
amount  of  heating  required  to  reduce  a  stroke  wheal  is  usually  less,  sometimes 
conspicuously  less,  than  is  required  in  the  case  of  a  histamine  wheal  (1  in 
3,000).  To  cite  an  exceptional  case,  and  using  the  reference  letters  of  Fig.  6, 
the  arm  of  an  urticarial  subject  was  occluded  for  1  minute  and  histamine 
punctures  made  in  the  usual  three  skin  areas  (  A,  B  and  C)  ;  alongside  each 
group  two  short  firm  strokes  were  put  down.  C  was  soaked  in  water  at 
43°  for  5  minutes  ;  B  for  2\  minutes  ;  all  were  now  immersed  at  18°  for  5 
minutes  and  finally  for  2  minutes  at  36°  and  the  arm  released.  Over  A, 
three  shghtly  reduced  liistamine  wheals  and  two  shghtly  reduced  stroke 
wheals  developed  ;  over  B,  three  much  reduced  histamine  wheals  and  two 
reduced  stroke  wheals  developed  ;  over  C,  there  was  but  a  trace  of  histamine 
and  stroke  wheals.  Usually,  however,  this  quantity  of  heating  reduces  the 
stroke  wheals  at  both  B  and  C  so  much  that  Uttle  or  no  appreciable  cUfference 
can  be  found  between  them.  To  obtain  stroke  wheals  of  three  sizes,  water 
of  lower  temperature  must  usually  be  used  {i.e.  around  38°)  and,  during  the 
heating  of  B  and  C,  A  must  be  kept  cool.  By  suitably  arranging  the 
temperatures  during  the  period  of  occlusion,  wheals  varying  from  a  full  size 
down  to  nothing  can  be  obtained.  Thus,  paralleUsm  again  appears  between 
the  histamine  and  stroke  reactions  ;  and  an  interaction  between  a  released 
substance  and  the  tissues  during  occlusion,  in  the  case  of  stroke  stimuh,  is 
suggested  as  the  cause.  Arising  out  of  these  experiments  there  are  further 
observations  which  are  described  and  discussed  in  the  following  sections. 

Loss  of  increased  permeability  and  the  condition  of  refractoriness.  When 
a  stimulus  (histamine  or  stroke)  is  put  down  on  an  occluded  and  heated  arm 
which  is  subsequently  cooled,  the  frequent  failure  to  wheal  on  release  is  due 
to  disappearance  of  the  originally  increased  permeability  of  the  vessel  walls. 
We  make  the  statement  in  tliis  form  because,  if  the  release  of  the  arm  comes 
at  an  earUer  stage  and  before  heat  is  applied,  wheaUng  does  occur.  When  it 
occurs  it  begins  almost  as  soon  as  the  circulation  is  released,  sho\ving  that  the 
vessels  have  increased  permeabihty  at  the  time  of  release  ;  in  this  it  contrasts 
with  a  wheal  produced  on  the  unoccluded  arm  ;  in  the  latter  there  is  a  very 
con.siderable  interval  (H  minutes  or  more)  between  the  stimulus  and  the 
beginning  of  wheaUng  ;  tliis  is  the  jjeriod  during  wliich  permeability  is 
increasing.  Thus,  in  the  occluded  and  heated  arm,  the  vessels  affected  by  the 
stimulus  at  first  develop  the  usual  increased  permeabihty  ;  but  as  the 
occlusion  is  continued,  and  especially  of  the  arm  be  kept  hot,  this  passes  away. 
Now,  it  is  not  possible  to  attribute  the  failure  of  the  wheals  to  a  simple 
decline  of  the  vascular  reaction  as  a  whole  for,  even  when  wheals  fail,  a 
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vascular  reaction  is  present.  Throughout  the  whole  period  of  sucli  occlusion 
the  purple  spot  of  histamine,  or  the  purple  line  of  stroking,  remains  in 
undiminished  intensity  on  the  arm,  and,  so  soon  as  the  general  hypersemia 
which  follows  the  release  has  subsided,  a  full  flush  is  seen  surrounding  the 
area  stimulated.  These  observations  have  been  confirmed  repeatedly  in  the 
case  of  both  forms  of  stimulus.  The  failure  to  wheal  is  decidedly  not  due 
to  previous  decline  in  the  vascular  dilatation.  In  Part  I  of  these  reports 
evidence  is  brought  to  show  that  increased  permeability  of  the  vessel  walls 
in  the  case  of  stroke  wheals  is  largely  independent  of  vascular  dilatation.  In 
an  earlier  part  of  the  present  report  we  promised  to  bring  further  evidence 
of  tliis,  and  further  to  support  the  same  conclusion  for  both  the  histamine 
and  stroke  reactions.  This  evidence  has  now  been  given  ;  it  is  clear  that 
neither  the  local  nor  the  reflex  dilatation,  even  when  these  are  fully  developed 
and  acting  in  combination,  will  provoke  a  wheal  ;  and  it  is  evident  that 
increased  permeability  is  separable  from  the  rest  of  the  vascular  reaction. 

When  we  found  that  a  histamine  wheal  fails  to  appear  on  an  occluded 
and  heated  arm,  we  at  first  thought  that  the  tissue  poison  might  have  diffused 
away  or  might  have  been  destroyed  by  the  tissues  in  contact  with  it  ;  but 
further  observation  and  reflection  rendered  this  conception  untenable  ;  it  is 
inconsistent  with  a  persistent  vascular  dilatation.  It  is  particularly  incon- 
sistent with  the  appearance  of  a  full  flush  and  with  the  precise  delay  in  the 
fading  of  this  flush  (by  the  time  interval  which  intervenes  between  the 
puncture  and  the  release  of  the  arm).  This  has  been  described  already  ; 
but  it  is  to  be  added  here  that  the  delay  is  similar  and  precise  whether  wheals 
develop  or  not  ;  a  statement  which  applies  to  both  histamine  and  stroke 
reaction. 

Some  diffusion  of  the  histamine  does  occur,  as  has  been  shown  ;  but 
tliis  diffusion  is  only  to  a  little  distance  and  is  insufficient  to  account  for  the 
effects  observed.  We  interjiret  this  delayed  fading  as  due  to  retention  of 
active  histamine  in  situ  ;  the  failure  to  wheal,  therefore,  must  be  due  to 
change  in  the  tissue  element  concerned,  the  vessel  wall  no  longer  responding 
to  histamine  by  developing  its  usual  enhanced  permeability.  Now  tliis 
supposed  unresponsiveness  can  be  tested  directly,  by  repuncturing  the 
original  places  with  liistamine.  The  procedure  is  as  follows.  Two  series 
(Fig.  7,  A  and  B)  of  histamine  punctures  (1  in  3,000)  are  laid  down  on  the 
skin,  the  arm  being  first  occluded.  The  arm  is  now  heated  for  5-10  minutes 
and  sub.sequently  cooled  ;  or,  alternatively,  the  occluded  and  punctured 
arm  is  maintained  in  a  bath  at  33°  for  15-20  minutes  ;*  the  results  are  very 
similar.  Immediately  before  the  arm  is  released  one  series  [B)  is  repinictured 
and  a  fresh  series  ( C)  put  down  on  the  neighbouring  skin.  The  new  punctures 
on  B  should  fall  as  near  as  possible  to  the  old  ])unctures,  and  to  this  end  the 
sites  of  the  first  punctures  are  dotted  mth  ink  on  the  arm.  After  releasing  the 
arm,  little  or  no  trace  of  wheals  is  seen  over   A  ;  over  the  control  area  C 

*  The  last  method  has  the  advantage  that  on  release  no  heat  hypersemia  can  occur. 


246 


LEWIS     AND     R.     T .     GRANT. 


|>uacturtd 


A 

B 

C 

O 

o 

o 

O 

o 

o 

o 

o 

o 

Fig   7. 


wheals  develop.  Over  B  (the  uHpunctured  group)  little  wheahng  is  seen  ; 
although  a  Utile  more  wheahng  occurs  here  than  at  .4,  the  effect  is  much 
shghter  than  over  C  ;  and  tliis  despite  the  fact  that  the  repuncturcd  areas 
now  contain  a  double  dose  of  liistamine.  On  some  occasions  the  wheahng 
on  the  rejiunctured  groxip  has  been  so  sUght  as  to  be  imperceptible.*  Thus 
it  is  shown  that  the  areas  wliich  originally  failed  to  wheal  will  not  wheal 
appreciably  even  if  fresh  histamine  is  introduced.  A  lesser  or  greater 
degree  of  refractoriness  is  demonstrated,  and  the  reason  why  whealing 
originally  fails  to  occur  in  response  to  the  original  dose  of  liistamine,  which 
presumably  is  still  held  in  the  skin  at  the  release,  seems  clear. 

It  is  here  to  be  observed,  however,  that  the  wheals  which  develop  over 
the  control  areas  C  are  smaller  in  size  than  are  wheals  following  simultaneous 
punctures  on  a  symmetrical  area  of  the  other  arm,  which  has  been  neither 
occluded  nor  heated.  This  reduction  of  the  control  wheals,  though  it  com- 
pHcates  our  reactions,  does  not  render  them  unanalysable.  Its  meaning  will 
be  discussed  at  a  later  and  more  appropriate  stage. 

Now,  in  so  far  as  the  demonstrated  refractoriness  of  area  B  is  concerned, 
a  simple  change  might  be  held  responsible.  The  original  pimctures  produce 
a  local  engorgement  of  the  vessels  and  increase  the  permeabihty  of  the 
vessel  walls.  It  is  possible,  if  not  probable,  that  much  of  the  plasma  held 
in  these  vessels,  when  stagnation  first  occurs  on  occlucUng  the  vessels, 
passes  out  into  the  tissue  spaces,  though  it  is  naturally  insufficient  in  quantity 
to  produce  perceptible  oedema  of  the  skin.  If  that  were  the  case  the  red 
blood  cells  would  be  left  closely  packed  as  a  viscous  mass  in  the  capillaries. 
It  is  conceivable  that  owing  to  this  viscosity,  stagnation  continues  after  the 
blood  stream  is  released  and  that  the  apparent  loss  of  increased  permeabihty 
and  the  state  of  relative  refractoriness  is  due  to  the  vessels  being  choked. 


•  The  whealing  which  appears  in  repunctured  spots  is  greater  if  the  new  dose  is  applied  a 
minute  before  the  release,  but  it  is  still  much  less  than  that  occurring  on  the  control  area. 
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If  the  purple  spots  are  watched  at  the  release,  they  are  seen  to  redden  at 
once  ;  but  this  reddening  is  due  to  filling  of  the  venules  of  the  subpapillary 
plexus  with  arterial  blood.  There  is  no  doubt  that  the  stream  is  at  once 
re-established  in  these  venules  ;  it  is  not  quite  so  easy  to  show  that  it  is 
re-established  in  the  overlying  capillaries.  To  show  that  the  phenomena  are 
not  due  to  stagnation  in  the  capillaries  is  of  importance,  providing  that  it 
is  held  that  the  fluid  of  a  wheal  is  derived  from  the  capillaries  only.  This 
is  itself  very  doubtful  ;  but  so  long  as  it  is  unproved  that  the  collecting  and 
subpapillary  venides  also  pour  out  fluid,  the  condition  of  the  capillaries  in  a 
refractory  spot  must  be  taken  into  account.  We  have  repeatedly  examined 
by  Lombard's  method  the  condition  of  the  purple  spots  at  the  end  stage  of 
occluding  and  heating  the  arm,  and  have  demonstrated  that  the  blood  is 
easily  displaced  from  the  venules  by  shght  jiressure  ;  the  pressure  required 
to  displace  the  blood  from  the  capillaries  is,  however,  considerably  greater, 
enough  to  suggest  stickiness  of  the  contents.  We  have  also  watched  these 
spots  microscopically  during  the  release  of  the  circulation.  The  colour  of 
the  area  as  a  whole  becomes  at  once  arterial,  and  we  believe,  but  we  are  not 
certain,  that  the  colour  of  the  capillary  loops  alters  simidtaneously  with  that 
of  the  venules.  On  several  occasions  blood  movement  in  the  capillaries 
has  been  witnessed  and  an  immetliate  repuncture  of  a  neighbouring  and 
similarly  conditioned  spot  has  proved  this  to  be  refractory  ;  but  it  is  not 
possible  to  ascertain  that  the  circulation  is  at  once  restored  in  all  or  even 
many  of  the  capillaries  in  the  circumstances  of  the  experiment.  To  settle 
the  question  we  have  resorted  to  another  and  more  decisive  method.  An 
Esmarck's  bandage  is  firmly  wound  over  the  whole  arm,  held  vertically,  and 
the  Riva-Rocci  armlet  is  placed  immecUately  above  it  on  the  arm  and  pumjied 
well  beyond  systoUc  pressure.  The  Esmarck  bandage  is  now  removed  and 
a  completely  blanched  arm  is  exposed.  The  histamine  pinictures  are  laid 
down  at  marked  points  and  the  occluded  arm  is  heated  at  43"C.  for  Cto  10 
minutes,  cooled  for  5  minutes  at  18°C.,and  finally  warmed  at  36°  for  2  minutes 
to  take  off  the  chill.*  A  few  seconds  (or  a  minute')')  before  releasing  the 
circulation,  series  B  (Fig.  7)  is  repunctured  and  a  control  series  (C)  put  down. 
The  results  are  very  similar  to  those  i5re\iously  described  ;  wheals  develop 
over  C  ;  over  A  httle  or  no  trace  of  wheahng  is  seen  ;  over  B  there  may  be 
Uttle  or  no  trace  of  whealing,  though  more  usually  these  wheals  are  a  httle 
greater  than  on  A,  but  definitely  less  than  on  C.  The  signs  of  refractoriness 
are  perhaps  somewhat  less  well  displaj'ed,  though  they  are  definite,  when  the 
Esmarck  bandage  is  used.  Now  if,  before  releasing  the  circulation,  one  of 
the  punctured  spots  of  series  B  is  brought  under  the  microscope,  no  blood 
is  to  be  seen  in  any  of  its  capillaries  or  venules,  but  the  instant  the  arm 
flushes  the  capillaries  and  venules  surrounding  the  visible  punctures  in  the 

*  These  observations  have  also  been  carried  out  on  occluded  and  punctured  arras  maintained 
at  33°C  for  15-20  minutes.    The  results  are  similar. 

t  If  put  dow-n  1  minut*  before,  all  the  resultant  wheals  are  larger  than  when  put  down  a  few 
seconds  before  release,  but  the  order  of  size  is  unaltered. 


248  T .     LEWIS     AND    R.     T.     GRANT. 

skin  fill.  It  is  clear  therefore  that  the  loss  of  increased  permeability  and  the 
presence  of  relative  refractoriness  of  the  skin,  where  it  has  previously  been 
punctured,  cannot  be  explained  on  the  ground  that  fresh  blood  is  unable 
to  enter  and  flow  through  the  caiJillaries,  but  that  it  is  due  to  some  other 
cause.  In  view  of  the  possibly  less  conspicuous  results  obtained  when  the 
Esmarck  bandage  is  employed,  a  viscosity  effect  as  a  minor  contributory 
cause  cannot  be  excluded  altogether.  If  the  refractoriness  were  due  to  loss 
of  fluid  from  the  blood  during  the  })eriod  of  stagnation,  it  would  also  occur 
when  the  occluded  arm  is  kept  cool  ;  that  is  not  the  case. 

The  phenomenon  of  relative  refractoriness,  presuming  we  have  correctly 
interpreted  it,  is  clearly  one  of  interest  and  importance  ;  we  have  not, 
however,  been  able  to  accumulate  sufficient  evidence  of  its  nature  to  justify 
us  in  discussing  it  at  length.  It  seems  to  us  probable  that  such  refractoriness 
to  histamine,  produced  by  a  previous  injection  of  histamine,  is  to  be  explained 
on  the  basis  of  an  interaction  between  the  poison  and  the  tissue  cells  governing 
permeabiUty.  In  this  connection  we  may  cite  the  very  interesting  observation 
of  Straub*"  on  the  action  of  muscarine  upon  the  aplysia  heart.  He  finds 
that  muscarine  acts  only  while  it  is  passing  into  the  muscle  cells  and  that 
once  these  cells  are  saturated  with  muscarine  the  action  of  the  original  dose 
and  of  further  doses  fails.*  In  our  observation,  there  is  an  obvious  and  close 
relation  between  refractoriness  on  the  one  hand  and  the  actual  loss  of  pre- 
existing permeability  on  the  other  ;  it  is  suspected  that  these  may  be  part 
and  parcel  of  the  same  fundamental  reaction,  though  in  the  absence  of  proof, 
it  is  perhaps  desirable  that  they  should  be  kept  as  separate  concepts.  The 
tissue  cells  concerned  in  the  interaction  are  held  to  be  the  cells  of  the  vessel 
walls,  for  the  state  of  permeabihty  is  the  part  of  the  reaction  involved. 
Given  that  we  are  so  far  right,  then  we  should  be  justified  in  anticipating 
that  the  interaction  would  show  some  degree  of  specificity.  In  the  case 
of  histamine,  it  is  naturally  a  purely  chemical  interaction  that  we  have 
in  view. 

Most  conveniently  we  may  argue  in  the  converse  direction.  Allowing 
that  occlusion  and  heating  by  a  similar  process  prevents  the  appearance 
of  wheals,  ordinarily  provoked  by  a  distinct  form  of  stimulation  such  as 
stroking,  and  supposing  that  we  find  that  the  ares  on  which  stroke  wheals 
should  have  appeared  but  do  not  appear  are  now  relatively  refractory  to 
histamine,  this  demonstration  would  form  presumptive  evidence  that 
underlying  both  liistamine  and  stroke  wheal  is  a  very  similar  or  perhaps  an 
identical  chemical  reaction  in  the  cells  of  the  vessel  wall.  Now  this  is 
precisely  what  we  do  find.  If  a  firm  stroke  is  laid  down  on  the  arm  of  an 
urticarial  subject,  and  the  arm  is  heated  sufficiently  and  occluded  sufficiently 
long,  no  wheal  develops  at  the  release  ;  and  if  histamine  is  punctured  into 


*  Underbill  and  Epstein"  have  also  described  an  observation  which  may  be  relevant ;  they 
find  that  pilocarpine  at  first  increases  the  permeability  of  the  vessel  walls,  as  evidenced  by  a  con- 
centration of  the  red  blood  cells,  but  that  immediately  afterwards,  saline  introduced  leaves  the 
blood  stream  less  readily  than  before  pilocarpine  was  introduced. 
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tlie  line  of  the  stroke,  a  little  before  or  soon  after  the  release,  the  Hue  proves 
refractory  to  it.  A  customary  result  is  a  complete  absence  of  wheaUng  ; 
in  a  few  instances  there  is  sUght  whealing,  but  it  is  never  so  great  as  that 
which  is  j)roduced  by  simultaneous  control  punctures  on  the  neighbouring 
skin.  The  apparent  refractoriness  of  the  old  line  of  stroke  provides  another 
opjjortunity  of  excluding  stagnation  in  its  vessels  as  the  reason  why  a  wheal 
fails  to  appear.  If  the  observations  are  repeated,*  substituting  Esmarck's 
bandage  for  simple  occlusion,  results  similar  to  those  already  described  are 
still  obtained.  It  is  naturally  to  be  asked  if  the  possible  substitution  of 
histamine  for  stroke  and  stroke  for  histamine  form  a  complete  series.  We 
have  seen  that  the  histamine  spot  will  become  refractory  to  liistamine  ;  we 
have  seen  that  a  line  of  stroke  wiU  become  refractory  to  histamine.  Can  a 
liistamine  spot  be  shown  to  become  refractory  to  stroking,  and  a  Une  of  stroke 
to  stroking  ?  The  answers  to  these  questions  are  both  afiirmative,  but  in 
"^ach  instance  the  reaction  is  not  easy  to  obtain. 

In  an  urticarial  subject,  two  small  neighbouring  areas  are  chosen  and 
into  each,  while  the  arm  is  occluded,  six  closely  set  histamine  punctures  are 
made,  so  that  the  areas,  affected  may  be  larger  than  usual.  One  of  these 
areas  of  hi'itamine  puncture  is  kept  as  a  control.  If  a  wheal  develops  upon 
it,  the  observation  as  a  whole  must  naturally  be  repeated  in  modified  form. 
The  arm  is  now  occluded  and  heated  in  the  usual  way,  until  a  sufficient  time 
has  elapsed  to  prevent  the  appearance  of  histamine  wheals  on  release.  At 
the  release  a  firm  stroke  is  d^a^vn  across  one  of  the  two  sets  of  liistamine 
punctures.  When  a  successful  reaction  is  obtained,  the  stroke  gives  a 
conspicuous  wheal,  broken  in  its  centre  where  it  crosses  the  area  rendered 
refractory  by  histamine.  Now  the  reaction  is  difficult  to  show  for  tliis 
reason.  Stroke  wheals  are  in  general  more  sensitive  to  interferences  than 
are  histamine  wheals.  It  usually  requires  more  heating  and  a  longer 
occlusion  to  abolish  the  last  than  the  first.  Often  it  seems  impossible 
completely  to  prevent  the  histamine  wheal  from  developing.  Moreover,  as 
we  have  seen,  if  a  stimulus  is  put  down  on  the  otherwise  undamaged  skin 
of  an  arm  wliich  has  been  occluded  and  kept  warm  or  heated,  the  wheal 
does  not  develop  fully  ;  in  these  circumstances  a  stroke  wheal  is  usually  less 
well  developed  than  a  histamine  wheal.  Consequently,  what  usually 
happens  is  that  it  is  impossible  to  obtain  a  stroke  wheal  of  reasonable  size 
on  an  arm  in  wliich  histamine  areas  have  been  rendered  refractory  by 
occlusion  and  heating.  The  reaction  described  can  only  be  shown  in  suitable 
patients,  namely,  those  in  whom  fairly  prominent  wheals  can  be  obtained  by 
stroking  at  the  end  of  a  period  of  occlusion  and  heating  sufficient  to  prevent 
the  original  liistamine  wheal  from  developing  ;  it  can  be  shown  only  if  the 
period  of  occlusion  and  heat  is  carried  just  to  the  requisite  point  and, 
seemingly,  if  the  final  stroke  is  laid  down  near  the  end  of  this  period.     We 


*  Or  the  arm  is  kept  occluded  and  at  33°  for  a  longer  period. 
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have  witnessed  the  reaction,  nevertheless,  in  perfectly  unmistakable  form 
on  a  number  of  occasions. 

In  an  urticarial  subject  the  skin  of  the  occluded  arm  is  firmly  stroked 
and  the  arm  heated  for  a  period  known  just  to  prevent  a  wheal  subsequently 
appearing  and,  immediately  before  the  release,  the  arm  is  again  stroked 
across  the  original  line.  In  successful  reactions  the  first  stroke  produces  no 
trace  of  wheal,  the  second  stroke  yields  a  somewhat  reduced  wheal  which 
is  broken,  or  less  conspicuous,  where  it  crosses  the  original  line.  This 
reaction  is  even  less  easy  to  obtain  than  the  last,  in  part  for  similar  reasons, 
but  in  part  for  reasons  not  clearly  understood.  We  have  failed  to  obtain 
it  satisfactorily  much  more  often  than  not.  A  parallel  reaction  and  one 
which  is  probably  caused  in  a  similar  fashion,  may  be  obtained  without 
difficulty.  If  a  stroke  wheal  is  rai.sed  on  the  back  of  an  urticarial  subject 
and  is  watched,  the  oedema  eventually  subsides  ;  during  the  later  stages  of 
this  i^rocess,  fresh  stroke  wheals  which  run  across  the  old  line  are  broken  or 
reduced  at  the  crossing  points.  To  best  display  these  breaks  light  should  be 
thrown  very  obliquely  on  to  tlie  skin,  so  that  the  wheals  cast  shadows  ;  the 
breaks,  however,  are  in  general  indisputable. 

These  ob.servations  as  a  whole  reiterate  the  parallelism  between  histamine 
and  stroke  wheals.  They  lead  us,  providing  we  accept  the  view  of  refractori- 
ness here  supported,*  to  the  view  that  underlying  the  stroke  wheal  there  is 
a  chemical  reaction  common  to  both.  It  is  to  be  mentioned,  however,  that 
refractory  stroke  lines  are  not  only  refractory  to  histamine,  but  that  they 
are  almost  if  not  equally  refractory  to  puncture  with  1%  morphine  hydro- 
chloride, a  poison  which  like  histamine  also  raises  wheals  on  control  skin. 
This  fact  does  not  contradict  our  view,  since  we  may  explain  the  action  of 
morphia  as  we  explain  the  action  of  the  stroke  ;  both  produce  tissue  damage. 

When  a  small  area  of  skin  from  which  the  blood  supply  is  cut  off  is 
rendered  refractory  by  the  pinicturing  in  of  histamine  or  by  stroking,  this 
state  of  refractoriness  does  not  persist  for  long  periods  of  time  after  the 
circulation  becomes  re-established.  There  is  usually  a  fairly  prompt 
recovery  ;  thus  5  or  10  minutes  after  the  release,  histamine  punctured  into 
a  refractory  stroke  line  often  produces  small  wheals,  and  after  longer 
intervals  it  produces  more  fully  formed  wheals.  The  time  required  for 
recovery  is,  however,  variable  from  subject  to  subject.  The  same  pheno- 
menon is  observed  after  release,  when  histamine  is  repunctured  into  spots 
originally  rendered  refractory  by  histamine  puncture.  We  attribute  recovery 
to  the  gradually  restored  metabolism  of  the  cells  affected.  When  wheals 
fail  to  ajjpear  at  the  release  of  a  heated  and  occluded  arm,  it  is  not  very 
infrequent  to  observe,  in  the  absence  of  further  interference,  their  appearance 
in  reduced  form  after  an  unusual  period  of  delay,  namely,  15  minutes  or 

*  It  is  necessary  to  be  diffident  in  expression,  owing  to  tlie  complexity  of  tlie  factors  involved  ; 
when  we  speak  of  refractoriness  we  mean  in  general  relative  refractoriness.  Absolute  refractoriness 
is  either  rare  or  tlifficult  to  prove. 
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more.*  This  spontaneous  and  delayed  apjjearance  of  a  wheal  is  the  excejition 
and  not  the  rule  in  the  case  of  stroke  wheals  ;  it  is  more  frequent  in  the  case 
of  histamine  wheals,  and  can  be  explained  by  supposing  that  some  of  the 
irritant  liberated  in  or  introduced  into  the  skin  remains.  But  if  we  adopt 
this  explanation  it  does  not  seem  possible  to  accept  Straub's  muscarine 
experiment  as  a  strict  analogy  ;  since  it  is  necessary  to  assume  that  the 
circulation  restores  the  reactibility  of  the  ves.sel  wall  cells  while  these  still 
lie  in  contact  with  the  substance  which  originally  rendered  these  cells 
refractory. 

As  has  been  seen,  areas  punctured  with  histamine  or  stroked  become 
refractory  quicklj'  when  the  circulation  is  stopped  and  the  skin  is  heated 
to  43-45°,  but  heating  is  not  essential  ;  the  areas  become  more  slowly 
refractory  if  lower  temperatures  are  employed,  similar  effects  being  shown 
at  natural  arm  tem2:)eratures  (33°).  On  the  one  hand  while  the  act  of  heating 
expedites  its  occurrence,  it  is  not  the  cause  of  refractoriness  ;  on  the  other 
hand,  obstruction  of  the  circulation  has  not  necessarily  anything  to  do  with  its 
production  ;  it  is  possible  to  regard  circulatory  obstruction  as  merely 
displacing  an  existing  refractoriness  by  keeping  fluid  from  exuding  during 
the  initial  period  of  increased  permeability.  If  the  circulation  is  intact 
whealing  quickly  follows  a  stroke  stimulus  ;  the  wheal  forms  fully  within  a 
period  of  about  5  to  8  minutes  and  then  ceases  appreciably  to  dev^elop. 
Such  periods  are  not  very  different  from  the  minimal  periods  recjuired  for  a 
stroked  area  to  become  refractory  when  the  skin  has  its  circulation  stopjied 
and  it  is  kept  at  body  temperature.  Looking  at  the  matter  from  this 
standpoint,  it  is  difficult  to  avoid  considering  that  refractoriness,  and  the 
state  of  relative  impermeabihty  of  the  vessels  which  accompames  it,  is  at 
least  in  part  responsible  for  the  ending  of  transudation  in  uninfluenced  wheal 
formation.  In  some  part  this  ending  may  be  due  to  dilution  of  the  substance 
provoking  it  by  the  outpouring  of  vessel  fluids,  in  part  it  may  be  due  to 
gathering  pressure  in  the  wheal  or  to  diminution  of  the  vascular  reaction  ; 
though  if  we  may  judge  of  the  last  by  the  curve  of  skin  temjierature  (Fig.  1). 
the  full  blood  supply  to  the  skin,  where  the  wheal  stands,  long  outlasts  the 
maximal  point  of  skin  swelhng.  The  idea  that  occlusion  is  not  essential 
to  the  onset  of  the  refractory  state  but  rather  that  the  last  may  be  merely 
displayed  by  the  first,  is  supported  by  the  observation  that  in  the  Hne  of  a 
wheal  obtained  on  the  skin  in  which  the  blood  supply  is  intact,  refractoriness 
to  further  stroke  stimuli  during  the  later  stages  of  the  fluid's  absorption 
can  be  demonstrated. 

The  points  here  left  in  doubt  require  further  work  to  elucidate  them  ; 
they  do  not  affect  our  main  thesis. 

Formation  of  miniature  craters.  An  interesting  phenomenon  is  fre- 
quently observed  when  histamine  is  pimctured  into  an  occluded  arm  which 

*  In  many  of  these  instances  tliere  seems  to  be  a  very  slow  iinj  continuous  growth  of  tlie 
wlieal  for  15  or  20  minut«s  after  release. 
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is  subsequently  heated.  We  have  previously  stated  that,  if  tliis  occlusion 
and  heating  is  sufficiently  prolonged,  no  wheal  appears.  If  less  prolonged  a 
miniature  crater  develops  ;  that  is  to  say,  while  no  wheal  develops  in  the 
immediate  neighbourhood  of  the  puncture,  a  minute  ring  of  oedema  appears 
around  the  central  point  and  at  a  radial  distance  of  about  2  milhmetres 
or  a  Uttle  more.  The  phenomenon  is  due  to  the  interplay  of  two  events, 
refractoriness  of  the  tissue  and  diffusion  of  the  poison.  The  histamine  is 
put  down  centrally  and  sjireads  radially  and  gradually.  The  tissues  near 
the  centre,  during  the  period  of  occlusion,  are  longer  in  contact  with  histamine 
than  are  those  into  which  diffusion  eventually  occurs.  The  vessels  of  the 
central  portions  lose  their  permeabihty  and  become  refractory  while  histamine 
is  still  spreacUng  into  fresh  tissues  at  the  margin  ;  if  at  this  stage,  the 
circulation  is  released,  wheaUng  occurs  in  the  form  of  the  minute  border 
ring  described. 

A  parallel  phenomenon  is  sometimes  to  be  observed  in  the  case  of 
stroke  wheals,  developing  in  similar  circumstances.  In  this  instance,  how- 
ever, the  stimulus  has  affected  a  narrow  band  of  skin.  On  this  no  wheal 
develops,  but  two  little  parallel  ridges  of  cedema  mark  the  outermost  borders 
of  the  reaction.* 

Effects  of  simple  heating  reconsidered. 

In  an  earUer  part  of  tliis  paper  the  effects  of  heating  the  skin  of  the 
unoccluded  arm  upon  subsequent  wheal  formation  have  been  described,  and 
we  have  learned  that  such  heating  conspicuously  reduces  the  size  of  the 
wheal  formed  in  these  circumstances,  or  actually  prevents  wheahng.  When 
we  saw  this  effect  in  the  case  of  the  histamine  wheal  we  naturally  concluded 
that  the  liistamine,  being  punctured  into  an  arm  in  which  the  skin  circulation 
is  greatly  increased,  is  washed  awayj"  before  it  can  act ;  and  this  conclusion 
seemed  to  be  substantiated  by  observing  that  if  the  histamine  is  laid  down 
a  minute  or  a  httle  more  before  heat  is  actually  appUed,  full  or  almost  full 
wheahng  occurs,  the  interpretation  being  that  in  these  circumstances  the 
histamine  could  interact  fully  with  the  tissues  before  the  increased  blood  flow 
to  the  skin  affected  it.  If  tliis  natural  interpretation  were  vahd  it  would  also 
be  vahd  in  the  case  of  stroke  wheals,  seeing  that  these  behave  similarly,  and 
the  observations  would  provide  a  powerful  argument  that  a  substance  is 
formed  in  the  skin  of  urticarial  subjects  when  these  are  stroked.  But  later 
observations  showed  that  heat  apphed  to  an  arm  in  wliich  the  circulation 
is  occluded  also  prevents  or  reduces  subsequent  wheahng.  It  became 
conceivable  that  heat  apphed  without  occluding  the  vessel  might  act  similarly, 
namely,  by  rendering  the  tissues  concerned  refractory  in  the  sense  previously 

*  It  is  to  be  noted  that  the  border  oedema  in  the  stroke  reaction  is  simulated  sometimes  by 
tlie  actual  forcing  of  the  natural  tissue  fluids  to  the  sides  when  a  heavy  stroke  is  put  down. 

+  It  is  unnecessary  to  discuss  the  alternative  possibilities,  namely,  absorption  by  blood 
vesBels,  or  washing  out  by  increased  lymph  flow. 
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described.  We  have  been  at  pains  to  show  that  in  the  occlusion  experiment, 
the  immediate  effect  of  increased  temperature  is  to  expedite  the  reaction  and 
have  suggested  that  occlusion  may  in  itself  be  \\ithout  much  influence,  other 
than  to  display  refractoriness  once  tiiis  has  occurred.  If  we  are  to  use  the 
effect  of  heat  appUed  to  the  arm  in  which  the  circulation  is  intact  as  evidence 
that  increased  blood  supjily  washes  away  histamine  or  a  correspontUng 
substance,  it  is  necessary  for  us  to  show  that  the  effect  as  we  have  described 
it  is  dependent  upon  an  active  circulation  and  is  not  due  to  refractoriness 
of  the  skin.  To  do  this  we  first  use  histamine  (1  in  3,000  or  1  in  30,000)  in 
the  following  way.  The  arm  of  a  normal  or  urticarial  subject  is  immersed 
in  water  at  44°  to  45°C.  for  3  minutes.  The  circulation  in  it  is  now  occluded 
and  3  histamine  punctures  (A)  are  laid  down  on  the  hot  skin  ;  the  arm  is 
returned  to  the  water  and  at  the  end  of  1  minute  the  circulation  is  released  ; 
three  more  lustamine  punctures  (B)  are  now  laid  down  at  once  and  the  arm 
again  placed  in  the  water  for  1  minute.  At  the  end  of  this  time  it  is  immersed 
in  a  bath  at  16-18°C.*  and  the  wheals  are  allowed  to  develop  fulh'. 

The  difference  between  the  treatment  of  the  two  series  of  histamine 
punctures  and  the  end. results  may  be  expressed  as  follows  : — 

A.  B. 

Punctures   laid   down   on   hot 

arm.  Punctures     laid    down    on    hot 

1  minute  of  occlusion  and  heat.  arm. 

1  minute  of  heat  without  occlu-  1  minute  of  heat  without  occlu- 
sion, sion. 

Cooled.  Cooled. 

Slightly  reduced  wheals  develop.  Reduced  w  heals  develop. 

Series  A  has  been  subjected  to  1  minute  of  heat  while  the  circulation  has 
been  obstructed  ;  otherwise  the  procedures  are  identical.  Now  we  have 
seen  that  heat  and  occlusion  combined  tends  to  render  the  histamine  punctured 
skin  refractor}'.  Series  B  possesses  the  advantage  of  escaping  tliis  influence. 
On  the  other  hand,  the  histamine  introduced  in  series  A  has  lain  in  contact 
with  the  tissues,  without  the  possibility  of  its  being  washed  awaj-  for  a  period 
of  1  minute  following  its  introduction.  This  advantage  outweighs  any  that 
series  B  enjoys,  and  the  result  is  the  develoi:)ment  of  larger  wheals  in  series  A 
than  in  series  B.  We  have  repeated  these  observations  in  a  number  of 
subjects  and  in  a  variety  of  shghtly  different  ways  ;  it  is  in  fact  a  perfectly 
easy  observation  to  make.  It  shows  decisively  that  when  a  wheal  of  reduced 
size  appears  on  skin  previou.sly  heated  the  reduction  is  in  the  main 
connected  with  an  increased  circulation.  This  demonstration  permits  us 
therefore  to  return  to  our  original  explanation,  namely,  that  in  the  presence 
of  a  very  active  circulation  histamine  is  carried  away  before  it  has  time  fully 
to  react  with  the  tissues. 

*  The  reason  for  the  cold  bath  will  be  seen  a  little  later. 
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To  complete  the  evidence  it  should  be  shown  that  stroke  wheals  are 
similarly  influenced.  That  is  also  the  case,  though  we  have  found  it  some- 
what less  easy  to  demonstrate.  If  the  procedure  described  above  is  carried 
out,  strokes  being  substituted  for  the  histamine  stimuU,  both  series  of  wheals 
( A  and  B)  are  usually  reduced  to  mere  traces  and  a  comparison  of  .size  is 
unsatisfactory.  Heat  affects  stroke  wheals  more  decidedly  than  it  affects 
histamine  wheals.  Lower  temperatures  (40  or  41°C.)  are  more  suitable 
and  the  effects  of  such  temperatures  should  not  be  prolonged,  since  there 
appears  often  to  be  some  sUght  effect  on  the  size  of  the  wheal  during  the 
later  stages.  It  is  for  this  reason  that  the  arm  is  removed  from  the  hot 
water  a  minute  after  its  release  and  cooled  to  check  the  further  action  of 
heat ;  in  the  case  of  histamine  this  is  not  necessary,  though  here  also  it 
renders  the  reaction  a  little  more  decisive.  The  observation  in  the  case  of 
stroke  wheals  must  be  carried  out  under  moi-e  critical  conditions  ;  and  the 
mo.st  decisive  observations  are  made  when  the  factors  are  modified  a  little 
to  suit  the  particular  patient  employed.  The  optimum  temperature  may 
lie  a  little  higher  or  a  Uttle  lower  ;  the  period  of  occlusion  may  require  a 
little  lengthening  or  shortening.  By  sUghtly  varying  the  conditions  we  have 
not  failed  to  obtain  the  same  end  result  in  the  case  of  stroke  wheals,  already 
described  for  histamine,  in  any  of  three  imtients  so  tested.* 

A  further  i)henomenon  is  of  interest  and  is  compatible  with  the  inter- 
pretation advanced,  though  it  is  seen  inconstantly.  When  the  wheals  are 
develojMng  while  the  arm  is  immersed  in  cold  water,  it  is  not  infrequent  to 
observe  that  the  flush  surrounding  skin  area  A  is  more  extensive  and 
brighter  than  that  surrounding  skin  area  B  ;  usually,  however,  the  extent 
of  these  flushes  is  masked  by  the  general  redness  of  the  skin.  Now  the 
flush  is  independent  of  the  wlieahng  and  occurs  whether  the  tissues  become 
refractory  or  not  ;  its  extent,  in  the  circumstances  of  the  experiment,  is 
perhaps  a  better  index  of  the  dose  of  histamine  or  other  diffusible  substance 
remaining  in  the  skin  at  this  stage,  than  is  the  eventual  whealing. 

If  the  failure  of  a  wheal  to  appear  on  a  previously  heated  ami  is  in  the  main  tlvie  to  loss  of 
histamine  in  the  one  case  and  of  a  corresponding  substance  in  the  case  of  stroke  wheals,  as  these 
observations  strongly  suggest,  then  it  might  be  possible  to  show  more  directly  that  the  wheal  does 
not  fail  because  tlie  tissues  liave  become  refractory.  The  test  is  not ,  however,  quite  as  simple  as  it 
might  at  first  seem.  A  firm  stroke  is  made  on  an  urticarial  arm  previously  heated  to  43  or  46°  for 
3  minut«s,  and  the  arm  is  returned  to  the  water  and  kept  there  so  that  no  trace  of  wheal  develops 
below  the  water  line.  Histamine  (1  in  3,U00)  is  now  punctured  into  this  line,  and  similarly,  as  a 
control,  into  unstroked  skin  beside  the  line.  Frequently,  in  such  circumstances,  wheals  fail  to 
appear  ;  they  fail  because  the  histamine  lias  been  punctured  into  a  superheated  skin.  To  obtain 
results  from  which  a  conclusion  may  be  drawn,  a  patient  must  be  chosen  in  whom  previous 
heating  affects  the  development  of  stroke  wheals  to  a  greater  extent  than  those  provoked  by 
histamine.     Two  such  patients  have  been  tested.     In  the  first  reduced  wheals  of  equal  size. 


*  It  will  be  gathered  that  on  occasion  we  have  failed  to  obtain  decisive  reactions  in  the  case 
of  stroke  wheals,  the  wheals  being  seemingly  equal  ;  it  is  to  be  added  that  similar  exceptions  have 
been  encountered  in  the  case  of  liistamine  from  time  to  time,  though  less  frequently  and  usually 
when  the  weaker  solution  has  been  used. 

An  alternative  method  to  that  described  is  to  occlude  the  two  arms  and  to  use  symmetrical 
areas  of  skin  ;  in  the  ease  of  histamine  this  method  suffices  ;  in  the  case  of  stroke  wheals  it  is  less 
safe,  since  slight  differences  in  the  reactivity  of  the  two  arms  is  sometimes  enough  to  confuse  the 
residts. 
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»ppeare<l  in  response  to  liistamino  on  tlie  line  of  stroke  and  upon  tlie  control  area,  as  expected. 
In  tlio  sooonil  case  the  results  conflicted  ;  wlien  the  upper  ariu  was  used,  the  results  were  the 
same  as  those  seen  in  the  first  case  ;  when  we  employeil  the  forearm,  the  histamine  wheals  were 
usually  distinctly  larger  on  the  control  area  than  upon  the  line  of  stroke.  Our  results,  therefore, 
cannot  be  stilted  to  show  decisively  that  the  factor  of  refractoriness  is  entirely  negligible  :  though 
they  are  rpiit*  consistent  with  the  conclusion  that  the  main  reason  why  reduced  wheals  result,  when 
a  stiimdus  is  p>it  dowTi  on  superheated  skin,  is  that  the  active  circulation  washes  away  the 
subst-ance  (introduced  or  liberated)  before  it  can  int-eract  fully  with  the  tissues. 

In  connection  \vith  the  matter  here  discussed,  one  point  of  consequence 
to  our  previous  experiments  on  refractoriness  is  to  be  noted.  It  has  been  seen 
that  if  a  stimulus  is  put  down  on  an  arm  showing  heat  hy perse mia,  or  if  it 
is  put  down  on  an  arm  which  shortly  afterwards  develops  a  heat  hyperaemia, 
very  reduced  wheals  develop  if  they  develop  at  all.  But  if,  when  the  stimulus 
is  put  down,  it  is  at  first  guarded  by  occluding  the  circulation  for  a  suitable 
period,  the  subsequent  effect  of  a  heat  hyperemia  on  release  is,  at  aU  events 
in  chief  part,  avoided.  It  is  under  the  last  conditions  that  our  studies  of 
refractoriness  have  been  carried  out. 

Influence  of  reactive  hypenrmia  upon  deveJoping  irheals,  etc.  In  many 
of  the  observations  recorded  already  a  stimulus  has  been  laid  down  on  an 
arm  during  a  period  of  circulatory  obstruction.  The  release  of  the  circulation 
is  shortly  followed  bj'  a  bright  hyperaemia  of  the  whole  arju  (so-called 
"  reactive  hyperaemia  "),  and  tliis  is  frequent  wlule  our  wheals  are  developing. 
We  have  been  careful  to  arrange  our  experiments  so  that  the  area  studied 
and  its  control  area  shall  be  equallj-  influenced  by  this  hyperaemia  ;  but  a 
Uttle  more  must  be  said  to  make  it  clear  to  what  extent  our  results  may  be 
affected  bj'  it.  It  also  remains  for  us  to  attempt  to  explain  why,  if  control 
skin  is  stimulated  near  the  end  of  a  period  of  occlusion,  the  wheals  developing 
are  smaller  than  usual.  These  two  questions  are  conveniently  taken 
together. 

If  we  soak  both  arms  in  water  at  33^C.  (normal  skin  temperature  for  the 
arm)  for  15  minutes,  occluding  the  left  arm  during  the  whole  period  and  the 
right  arm  during  the  last  5  minutes  of  the  bath,  and  if  we  lay  down  a  group 
of  3  histamine  punctures  on  each  arm  at  the  moment  of  release,  the  wheals 
developing  on  the  left  arm  are  smaller  than  those  developing  on  the  right 
arm.  Now  this  effect  has  nothing  to  do  with  temperature,  since  both  arms 
were  maintained  throughout  in  the  same  bath  ;  it  is  due  to  one  of  two  causes  : 
(a)  the  longer  previous  occlusion  of  the  left  arm  has  produced  a  Uttle 
refractoriness  in  the  whole  of  its  skin,  or  (6)  the  reactive  hyijera^mia,  being  of 
greater  intensity  and  of  longer  duration  in  the  left  arm,  washes  away  more  of 
the  histamine  from  this  arm  before  it  is  able  to  act  fully  on  the  tissues. 
Sujiposing  the  last  explanation  is  true,  we  ought  to  be  able  to  guard  the 
liistamine  from  the  circulation  while  it  is  acting  by  putting  down  the 
punctures,  not  at  the  release,  but  1  minute  before  release.  Wheals  resulting 
from  punctures  put  down  1  minute  before  release  are  always  larger  than  those 
put  down  at  the  release  in  this  experiment.  It  seems  clear  therefore  that 
when  histamine  is  introduced  at  the  release,  the  reactive  hyperaemia  washes  it 
away  in  part,  just  as  does  a  heat  hyperaemia  ;  and  since  the  hyperaemia 
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appearing  on  the  left  arm  is  more  intense  than  that  on  the  right  arm,  it  is 
natural  to  expect  smaller  wheals  on  the  former  than  on  the  latter.  That 
however  does  not  end  the  question,  since  of  the  two  guarded  groups  (put 
down  1  minute  before  release)  that  which  stands  on  the  arm  which  has  been 
occluded  the  longer  yields  wheals  which  are  definitely  smaller  in  size.  Thus 
the  question  of  refractoriness  in  this  arm  as  a  whole  still  remains  open  to  us. 

To  test  the  matter  further,  we  replace  the  warm  bath  by  a  hot  one  at 
43-44°C.  and  proceed  in  a  similar  fashion,  soaking  both  arms  for  8  minutes, 
keeping  the  left  arm  occluded  for  the  whole  period  and  the  right  arm  for  the 
last  3  minutes  only.  Our  object  is  to  i^roduce  a  heat  hyperaemia  in  both 
arms  at  the  release,  so  that  inequality  of  the  influence  exercised  by  the 
reactive  hyperaemia  may,  at  the  release,  be  reduced  or  aboUshed.  The 
result  of  this  experiment  is  similar  to  that  in  the  warm  bath.  The  groups 
of  wheals  laid  down  immediately  at  the  release  are  smaller  than  those  (the 
guarded  groups)  laid  down  1  minute  before  release  ;  but  again  the  wheals 
are  quite  definitely  and  constantly  less  in  size  on  the  arm  which  has  suffered 
the  longer  previous  occlusion. 

In  view  of  these  results,  and  while  recognising  that  wheals  laid  down 
immediately  at  the  release  of  an  occluded  and  warm  arm,  are  affected  by  the 
subsequent  reactive  hyperaemia,  yet  it  seems  clear  that  occlusion  of  the 
circulation  in  itself  tends  to  produce  a  certain  refractoriness  of  the  whole 
skin  which  experiences  it.  Whether  this  general  refractoriness  is  due  to  the 
release  of  metabolites  in  the  asphyxiated  arm  and  is  by  this  means  directly 
connected  with  the  subsequent  hyperaemia,  is  a  question  which  may  be  left 
for  future  investigation.  This  speculation  is  in  line  with  Anrep's  explana- 
tion*  of  "  reactive  hyperaemia." 

Some  differences  between  histamine  and  stroke  reactions. 

In  our  comparisons  between  histamine  and  stroke  reactions,  the  remark- 
able parallelism  between  the  two  has  stood  forth  constantly.  In  almost 
every  particular  they  are  similar  and  are  similarly  influenced  by  various 
interferences.  Such  differences  as  we  have  found  between  them  are  quantita- 
tive, never  quaUtive  ;  and  of  these  three  are  chiefly  notable.  The  spread 
of  the  local  vascular  reaction  upon  an  arm  during  a  period  in  which  its 
circulation  is  at  a  standstill  is  usually  greater  in  the  case  of  histamine  than 
in  the  case  of  a  stroke  stimulus.  Occlusion  and  heat  combined  affects  the 
subsequent  development  of  a  stroke  wheal  to  a  greater  extent  than  it  affects 
that  of  a  histamine  wheal.  Lastly,  a  stroke  wheal  develops  to  a  more 
notably  reduced  size  than  a  histamine  wheal,  when  these  are  provoked  on 
previously  superheated  skin.  The  similarities  are  easy  to  understand  if  we 
acknowledge  that,  when  the  skin  is  stroked,  substances  are  let  loose  from  the 
damaged  cells  and  that  these  have  a  liistamine-like  action.  The  differences 
here  noted  are  also  readily  explained  by  the  same  theory.  When  the  skin 
is  stroked,  such  substances  v,-\]\  be  let  loose  in  the  neighbourhood  of  every 
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affected  cell  ;  that  is  to  say.  the  substances  are  umformly  and  intimately 
distributed.  When  liistamine  is  punctured  into  the  skin  it  is  put  down  in  a 
concentrated  dose  at  one  point.  The  three  differences  noted  can  all  be 
explained  as  depending  upon  the  way  in  which  the  poisons  are  distributed. 
Thus  the  spread  of  the  vascular  reaction  is  attributed  to  diffusion  of  the 
poison  ;  as  diffusion  occurs  to  greater  and  greater  distances,  the  concentration 
Mill  fall.  To  produce  a  histamine  Mheal  4  milUmetres  in  diameter,  sufficient 
histamine  must  be  introduced  on  the  needle  that,  in  adequate  concentration, 
it  maj'  spread  2  milUmetres  in  every  direction.  Following  a  stroke,  the 
concentration  may  be  only  sufficient  to  produce  whealing  over  the  actual 
line  of  stroke  and  by  diffusion  a  short  distance  beyond  the  actual  Unes  of 
pressure.  Similarly,  in  the  case  of  the  occlusion  affecting  the  subsequent 
development  of  a  wheal ;  in  the  case  of  a  stroke  reaction,  substances  let 
loose  are  at  once  in  intimate  contact  with  the  tissues,  whereas  at  first  that  is 
only  so  in  the  case  of  a  histamine  puncture  at  the  actual  site  of  puncture. 
Lastly,  when  the  stimuli  are  put  down  on  a  heated  arm,  the  whole  dose  of 
poison  liberated  by  the  stroke  is  spread  over  a  large  area  and  all  the  vessels  of 
this  area  are  involved  in  washing  it  away  ;  in  the  case  of  a  liistamine  puncture 
the  dose  is  introduced  at  one  point  and  is  caught  by  the  vessels  only  as  it 
diffuses  to  them,  the  pimcture  hole  acting  meanwhile  as  a  reservoir. 

The  relation  between  the  surrounding  flush  and  the  wheal  reconsidered. 

In  Part  I  the  remarkable  association  between  whealing  and  the 
appearance  of  the  reflex  flush  was  biiefly  discussed,  and  it  was  pointed  out 
that  a  greatlj'  increased  supply  of  blood  to  the  skin  is  requisite  to  provide 
the  fluids  collecting  in  the  stroke  wheal  within  a  few  minutes.  The  associa- 
tion between  flushing  and  whealing  could  reasonably  be  explained  if  it  were 
found  that  the  arteriolar  dilatation,  known  to  be  present  along  the  Une  of  the 
wheal  itself,  was  but  a  part  of  the  general  flush.  Further  observation  has 
shown  that  this  is  net  necessarily  the  case  even  when  subsequent  wheaUng 
occurs.  Thus  when  histamine  is  pmictured  into  a  skin  in  which  the  nerves 
are  degenerate  and  in  which  cyanosis  has  been  induced  by  artificially  con- 
gesting the  hmb,  a  bright  red  spot  appears  in  the  immediate  neighbourhood 
of  the  puncture,  though  the  surrounding  flush  fails.  Thus,  it  seems  evident 
that  even  when  reflex  dilatation  of  the  arterioles  is  abohshed  their  local 
dilatation  is  preserved  *  This  dilatation  must  be  a  direct  as  opposed  to  a 
reflex  response.  It  matters  not,  so  far  as  the  formation  of  a  wheal  is  concerned 
whether  the  response  is  direct  or  indirect,  the  necessary  blood  will  be  supplied  ; 
consequently  it  is  not  surprising  to  find  that  wheals  develop  as  fully  on  the 
anaesthetic  as  on  the  aesthetic  skin.  But  the  facts  are  opposed  to  the  view 
which  otherwise  might  be  held,  that  reflex  arteriolar  dilatation  is  essential 
to  rapid  whealing. 

*  The  vessels  we  liave  in  mind  are  not  tliose  which  are  sufficiently  large  to  have  acquired  a 
muscular  coat,  but  the  more  terminal  arterioles. 
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The  notable  association  between  these  two  phenomena  is  to  be  explained 
differently.  When  relatively  small  amounts  of  an  irritant  substance  is 
released,  as  by  stroking  an  insensitive  skin,  the  concentration  of  the  poison 
is  sufficient  to  produce  little  more  than  a  local  vasodilatation.  If  the  amount 
of  irritant  is  larger  it  is  sufficient  to  provoke  an  appreciably  increased 
permeabiUty  of  the  vessel  walls  and  at  the  same  time  so  to  stimulate  the 
local  nervous  mechanism  that  it  yields  reflexly  a  widely  spreading  flush. 

The  observations  so  far  recorded  are  those  by  which  we  were  led  originally 
to  believe  that  when  the  skin  is  stroked  or  otherwise  damaged,  substances 
having  a  histamine-like  action  on  the  vessels  and  nerves  are  released,  and 
that  the  reactions  which  follow  are  due  to  the  irritant  action  of  these 
sub.stances. 

While  we  have  been  inclined  to  regard  the  evidence  which  has  been 
brought  forward  as  sufficiently  convincing,  we  have  not  failed  to  see  that  the 
theory  would  be  materially  strengthened  if  an  irritant  substance  could  be 
recovered  from  the  tissue  fluids.  Tests  for  such  a  substance  have  been 
sought  and  amongst  other  methods  adopted  has  been  that  of  collecting 
fluid  and  puncturing  it  into  normal  skins. 


Attempts  to  obtain  icheals  by  puncturing  wheal  fluid  into  the  skin. 

Many  observations  have  been  made  with  a  view  to  determining  whether 
the  fluid  thrown  out  in  the  stroke  wheals  of  urticarial  subjects  contain  any 
substance  wliich  is  capable,  when  introduced  into  a  normal  skin,  of  whealing 
that  skin,  and  which  might  consequently  be  regarded  as  responsible  for  the 
original  wheal. 

A  priori,  negative  results  would  be  of  httle  value  ;  for  supposing  such 
a  substance  to  be  set  free  in  the  skin  of  an  urticarial  subject,  it  would  at 
first  be  present  in  adequate  strength  ;  but  the  fluid  collecting  as  the  wheal 
forms  would  dilute  it.  The  extent  of  such  cfilution  might  clearly  be  so  great, 
as  ultimately  to  render  the  wheal  fluid  seemingly  inactive.  If  a  small  and 
measvired  quantity  (about  05  c.mm.)  of  1  in  30,000  histamine  is  forced  into 
the  skin  (intradermally)  the  wheal  which  forms  is  large  and,  so  we  calculate, 
not  less  than  20  times  greater  in  size  than  the  drop  of  solution  originally 
introduced.  That  means  an  ultimate  dilution  of  not  less  than  1  in  600,000. 
There  are  the  further  possibihties  that  such  a  hypothetical  substance  might 
be  destroyed  or  fixed  by  the  tissues  during  the  reaction. 

Our  procedure  has  been  to  drive  capillary  glass  tubes  into  a  stroke 
wheal,  to  withdraw  small  quantities  of  clear  fluid,  to  place  this  freshly  drawn 
fluid  on  normal  skins  and  to  puncture  through  it  with  a  needle.  The 
observations  are  complicated  by  the  fact  that  in  normal  skins  a  needle 
prick  penetrating  the  skin  often  produces  by  itself  a  minute  wheal.  It  is 
necessary  therefore  to  control  the  wheal  fluid  punctures  by  punctures  through 
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similar  drops  of  normal  saline,  or  blood  from  the  patient,  laid  down  in  tiie 
neighbourhood.  We  were  encouraged  to  investigate  the  matter  somewhat 
extensively  by  a  preUminary  observation.  Small  quantities  of  wheal  fluid 
were  taken  from  an  urticarial  subject,  the  first  samples  being  taken  6  minutes 
after  the  stroke  which  provoked  it  and  a  later  samjile  at  12  minutes.  This 
fluid  was  punctured  twice  into  the  arm  of  one  normal  subject  and  four  times 
into  the  arm  of  a  second  normal  subject.  In  all  instances  distinct  wheals 
developed  ;  simple  punctiu'es  on  the  same  skins,  and  punctures  through  drops 
of  the  urticarial  subject's  blood,  resulted  in  very  small  or  inappreciable 
reactions.  We  have  naturally  attempted  to  repeat  these  results  on  subsequent 
occasions,  but  with  indifferent  success.  The  wheal  fluids  of  5  other  subjects 
have  been  emploj^ed,  and  the  punctures  have  been  more  numerous  than  in 
our  first  observations  ;  the  original  subject  has  also  been  used  again.  A 
summary  of  the  results  is  given  in  the  following  paragraphs. 

Using  Subject  4  of  the  urticarial  series  (first  observation)  6  wheal  fluid  punctures  divided 
between  two  normal  .skins  yielded  6  wheals,  definitely  larger  than  control  punctures  or  control 
punctures  through  fresh  drops  of  the  patient's  own  blood.  On  a  later  day  24  punctures  were 
made  with  wheal  fluid,  divided  between  two  nonnal  skins,  and  each  controllecl  against  saline 
punctures.  Of  these,  16  observations  were  indecisive,  the  wheal  fluid  and  saline  reactions  being 
equal ;  6  were  positive,  the  wheal  fluitl  yielding  a  greater  reaction  than  the  saUne  ;  2  were 
negative,  the  saline  exceeding  the  wheal  fluid  reaction.  It  is  to  be  not«d  that  the  eSects  of 
punctures  through  saline  were  variable,  a  small  wheal  or  none  appearing.  It  is  this  variation  of 
the  simple  reaction  to  a  prick,  which  we  have  not  been  able  fully  to  control,  which  renders 
comparison  difficult. 

Using  Subject  1,  12  wheal  fluid  punctures  into  normal*  skins,  gave  3  positive  results,  and  9  in 
which  wheal  fluid  and  saline  gave  equal  reactions. 

Using  Subject  2,  29  wheal  fluid  punctures  into  3  normal  skins  yielded  5  positive  and  3  negative 
result's  ;  in  the  remaining  instances  wheal  fluid  and  saline  punctures  were  equal.  In  this  and 
the  preceding  two  cases  the  fluid  was  withdrawn  at  various  periods  after  the  formation  of  the 
wheal,  but  there  was  no  correlation  between  the  interval  and  the  positive  reactions. 

Using  Subjects  3  and  5,  13  and  3  wheal  fluid  puiictures,  respectivel}',  were  equal  to  those 
given  by  saline  in  all  instances. 

Using  Subject  6,  10  wheal  fluid  punctures,  controlled  against  saline  and  against  blood  freshly 
dra^iTi  from  the  same  subject,  all  gave  positive  results,  the  blood  and  saline  reactions  being  equal 
and  the  wheal  fluid  reactions  being  constantly  and  perceptibly  greater. 

It  is  true  that  in  two  instances  (Subjects  4  and  6),  wheal  fluid  when 
punctiu'ed  into  normal  sldns  has  whealed  these  normal  skins.  In  one  of 
these  cases,  however,  oiu?  attempts  to  obtain  the  reaction  in  the  same 
constantly  positive  form  were  quite  unsuccessful.  In  the  remaining  cases 
the  results  have  been  indecisive.  The  results  as  a  whole  are  such  as  we 
should  expect  to  obtain  if  the  substances  we  seek  were  present  in  the  fluid, 
but  diluted  by  the  fluid  poured  out  to  form  the  wheal  to  a  point  at  which 
the  concentration  is  barely  capable  of  jielding  outwardly  perceptible  effects. 

The  two  normal  skins  used  in  these  observations  have  been  tested 
(amongst  others)  to  find  the  minimal  concentration  of  liistamine  required  to 
produce  whealing  by  the  puncture  method.  For  this  purpose  liistamine  in  a 
given  dilution  of  saline  is  punctm-ed  into  a  row  of  six  points  on  the  skin  of  the 
forearm,  a  parallel  row  of  pimctujes  being  put  down  through  normal  saline. 

*  The  same  two  normal  skins  have  been  used  throughout. 
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IX-        t  t  ;r^  ^00  000  is  clearly  distinguishable  and 
We  find  that  a  histamine  solution  of  1  m  300.000  is  c^e     y  s       .^  ^^^^  ^^ 

that  a  solution  of  1  in  600,000  IS  also  just  distingiu.hable^t^^^^^^^^^  ^^  ^  .^ 

punctures  are  put  down  in  t^s  -^^"*^.'^ '^^om  those  of  saUne.  We  may 
1500,000,  the  effects  do  not  chffer  -^^g-f^^^^^^'^  to  oUow  the  puncturing 
sly,  therefore,  that  if  such  wheahng  as  .e  -v--n;^^  J,,  ,f  toxic 

of  wheal  fluid  into  the  normal  skin,  .  ^^^J^^^^^y  ^  substances  expressed 
substances  in  thi.  wheal  fluid,  then  ^'^^^^^'^J^^^^J^^^f  ^^.^^  1  in  1,000,000. 
in  the  equivalent  terms  of  ^^f  X'/the^cotenl  tTn  W^  be  s;mewhat 
In  fluids  which  produce  wheahng  f^^^'^nHt  misht  be  somewhat  less, 
more  ;  in  those  which  seemingly  produce  'T ?;\^f ^^  J^j  ^^^^^,,  obtained, 
We  desire,  however,  not  to  ^^f-'^'I'l^''';'^^^^^^^ 

and  win  not  go  further  ^^-^-^t:'^^^^^^^^^^ 

with    the    remaimng  evidence  they  lena  ^^  ^^  urticarial 

though  it  may  be,  to  our  concu  xon  th  t    trokmg  t  ^  ..^^dilator 

case  releases  a  substance  or  ^^^^^^^^^^j^^J 

action  and  increases  the  permeabihty  o  ^^^^^T^^m^ne      On  the  one  hand 

remarkably  in  these  re  Pec^th^^^^^^^  ^e^^^l  substance   directly 

it  is  conceivable  that   lustamme  ib  .  ,    .  ..        .ion  may  be  similar 

concerned  in  the  production  of  ^^'^^''l^^yVoZ^n^^^^^  -^  - 

to  that  suggested  for  morphia,  it  ^^y ^^f  Jj''^^^^^^  comparing  it  with 

histamine  is  itself  the  substance  released  m  the  skin  by  strokmg. 

Discvssion. 
The  first  conclusions  to  which  the  observations  '^1'"^''^-'^^::^^ 

from  the  tissues  so  damaged.     Similar  or  icieniica  .      ^     ^  such  as 

as  we  beheve  thi-ough  the  same  ^^---^X tduceTr^trav^ 
is  experienced  in  scalding  and  burmng.  Burns  P^o^i"^^^  J  ^  probably 
Ul  almost  certainly  need  inclusion  in  the  same  ^  --  ^mn  ^  and  pro  J 
identical  reactions  are  provoked  by  ^-^"fy°J/°;XrinXcls,  morphia 
mustard  oil  and  mustard  gas,  croton  oil  and  ^'I'^J^^^^^J^-,  the  skin 
and  atropine-*-,  and  by  such  ^^^stances  as  arejtrocU^^^^ 
by  the  bites  of  insects  and  by  the  stings  of  ^^^^^^^f^  ^^f^^^f '^clrtain  bacterial 
aLf  wMch  substances  may  be  reg^^^^^  /^^,^^  ine 

poisons  are  probably  to  be  added    .     vve  regarded  as 

[n  the  same  hst,  though  the  reaction  ^^^^/J,  riHeries  Wstamine  is 
typical  for  all ;  and  we  so  refrain  because  of  the  ^^hole  senes 
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suspected  to  possess  the  closest  chemical  affinities  to  the  hypothetical  tissue 
substance  which  we  have  in  mind  as  the  ultimate  stimulus. 

Observation  has  seemingly  gone  suflBcientlj-  far  to  warrant  the 
formulation  of  a  more  general  law,  namely,  that  every  form  of  injury  to  the 
healthy  skin  reaching  a  certain  grade  of  severity  caUs  forth  a  series  of  nervous 
and  vascular  reactions  immediately  dependent  upon  the  same  fundamental 
and  natural  chemical  stimulus.  To  put  the  matter  in  another  way,  it  may 
be  stated  that  there  exists  in  the  skin  a  single  and  organised  mechanism  of 
defence  against  injuries  of  all  kinds  and  that  the  agent  which  alarms  the 
garrison  and  mobiUses  the  first  forces  of  this  defence  is  a  chemical  agent 
derived  from  the  tissues.  The  perfection  of  this  mechanism  is  such  that  the 
defence  is  immediately  organised,  and  organised  at  every  threatened  point  ; 
it  is  arranged  and  carried  through  locally,  being  independent  of  higher 
centres  of  organisation  (nervous)  and  of  distribution  (vascular). 

The  idea  that  substances  liberated  in  the  tissues  are  able  to  control 
the  local  supply  of  blood  is  no  new  one  ;  it  has  been  suggested  on  many 
occasions,  notably  by  Roy  and  Graham  Brown-*,  who  were  amongst  the 
first  workers  to  recognise  the  control  of  the  circulation  exercised  by  capillaries. 
Of  recent  years  a  noticeable  trend  of  physiological  opinion  has  been  the 
tendency  to  reject  the  view  that  active  vasodilatation  is  controlled  by  the 
central  nervous  system  and  to  refer  such  vasodilatation  to  a  peripheral  and 
locally  acting  stimulus.  Thus  Markwalder  and  Starling^-  have  concluded 
that  vasodilatation  of  the  coronary  vessels  may  be  brought  about  by  the 
collection  of  metabolites  in  the  muscle  ;  Barcroft  and  Piper^  and  Barcroft  and 
Kato^  have  expressed  similar  views  in  regard  to  vasodilatation  in  the  case 
of  the  submaxillary  gland,  be  it  awakened  originally  by  nerve  stimulation 
or  otherwise,  and  in  regard  to  the  flow  to  voluntary  muscle.  Likewise 
Anrepi  suggests  the  accumulation  of  asphyxial  products  as  the  cause  of 
the  hypersemia  which  follows  the  release  of  an  occluded  circulation.  The 
idea  is  no  new  one  when  applied  to  injury.  For  nearly  a  century  tentative 
views  have  been  expressed  suggesting  that  toxic  substances  are  liberated 
by  bums  ;  it  is,  however,  in  the  war  period  especially  that  we  find  evidence 
first  beginning  to  accumulate  in  an  impressive  way.  Observations  and 
suggestions  relating  to  tissue  injury  and  its  effects  have  been  reviewed  so 
recently  and  so  fully  that  it  becomes  redundant  to  discuss  them  at  length  ; 
we  may  draw  attention  particularly  to  the  general  statements  of  Ebbecke^*, 
Bayliss*,  Krogh^*  and  Dale^^.  In  the  present  discussion  it  is  most  suitable 
to  summarise  those  observations  and  conclusions  which  seem  relevant  to 
our  own  work,  and  to  attempt  to  place  these  in  perspective  with  each  other. 
We  do  so  in  the  succeeding  paragraphs. 

Reactions  to  the  type  poison  histamine.  When  introduced  in  minute 
doses  into  the  skin  this  poison  produces  a  characteristic  series  of  independent 
phenomena  comprising  (a)  local  dilatation  of  the  minute  blood  vessels, 
capillaries,  venules  and  terminal  arterioles,  by  direct  action,  (6)  a  widespread 
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dilatation  of  neighbouring  arterioles  through  the  medium  of  a  local  reflex 
mechanism  and  (c)  increased  permeability  of  the  vessel  walls  by  direct 
action.  This  series  of  phenomena  may  be  termed  as  a  whole  the  type 
reaction,  it  leads  to  manifest  oedema  of  the  true  skin.  When  histamine 
finds  its  way  into  the  general  circulation  it  produces,  as  Dale,  Laidlaw  and 
Richards^*  *  1*  have  demonstrated,  a  general  dilatation  of  the  bed  of  minute 
vessels  beyond  the  main  arterioles,  and  an  increased  permeability  of  the  walls 
of  the  minute  blood  vessels.  These  effects  lead,  when  sufficient  poison  is 
introduced,  to  an  impounding  of  blood  in  the  capillary  reservoir  accompanied 
by  serious  loss  of  blood  fluids  into  the  tissue  spaces  ;  owing  to  this  diversion 
of  the  blood  the  central  vessels  are  depleted,  a  profound  and  lasting  fall  of 
blood  pressure  follows,  leading  to  a  condition  of  collapse  to  which  the  term 
"  histamine  shock  "  has  been  applied.  The  Hkeness  between  this  state  and 
anaphylactic  shock  on  the  one  hand,  between  it  and  wovmd  shock  on  the 
other,  has  been  emphasised  by  Dale  and  Laidlaw^^  i^*  ^*  at  various  times. 

Reactions  to  injury.  When  a  firm  stroke  is  laid  down  on  a  sensitive 
skin,  when  the  normal  skin  is  repeatedly  stroked  in  the  same  fashion  or 
suffers  a  single  and  more  severe  injury  of  a  similar  kind,  the  type  reaction 
follows,  is  displayed  in  all  its  details  and  leads  to  oedema  of  the  true  skin. 
A  similar  reaction  though  less  intense  follows  a  simple  pin  prick  or  a  scratch. 
These  reactions  to  injury  are  ascribed  on  independent  evidence  to  the 
liberation  of  a  diffusible  substance  in  the  skin  having  a  histamine-hke  action 
on  the  minute  blood  vessels  and  nerves  of  the  skin. 

During  the  period  of  the  war  evidence  accumulated  wliich  strongly 
suggested  that  the  condition  termed  secondary  wound  shock  results  when 
the  products  of  bruising  and  laceration  of  skin  and  deeper  tissues  are  absorbed 
into  the  general  circulation.  The  strongest  single  piece  of  evidence  for  this 
view  is  perhaps  the  demonstration  that  secondary  shock  does  not  develop 
when  the  channels  of  absorption  from  the  damaged  tissues  are  closed 
(BayUss*,  Cannon^"  and  others^*).  In  severe  secondary  wound  shock  it  has 
been  shown  that  there  is  a  profound  and  prolonged  fall  of  blood  pressure, 
that  much  of  the  blood  has  left  the  main  vessels,  that  it  is  concentrated  by 
the  loss  of  its  fluids  into  the  tissue  spaces,  and  that  the  volume  of  blood  in 
circulation  is  much  decreased'^^,  the  resemblance  to  histamine  shock  being 
thus  demonstrated  as  remarkably  close.  Lastly,  substances  having  a 
depressor  effect  on  blood  pressure  have  been  recovered  from  many  tissues 
of  the  body,  and  liistamine  itself  has  in  one  instance  been  isolated,  namely, 
from  the  mucous  membrane  of  the  boweP. 

Reactions  to  scalds  arid  burns.  A  mild  scald  of  the  skin  is  followed  by 
the  type  reaction,  and  leads  to  oedema  of  the  true  skin  and  ultimately 
to  blistering  of  the  skin.  These  reaction.?,  are  hkewise  attributed  to  the 
liberation  in  the  skin  of  a  diffusible  substance  having  a  histamine-like  action 
on  the  minute  vessels  and  nerves  of  the  skin. 
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More  extensive  burns  give  rise  to  a  secondary  shock-like  condition,  and 
this  has  been  suspected  for  very  many  years  to  result  from  the  absorption 
of  toxic  substances  ;  full  references  to  this  subject  \vill  be  found  in  the 
articles  of  Bardeen  and  of  Robertson  and  Boj^d*  *  ^'.  Substances  have  been 
recovered  from  burnt  skin  which,  when  introduced  into  a  healthy  animal, 
induce  a  condition  resembling  shock'-'. 

It  is  difficult  to  review  a  series  of  observations  such  as  are  contained 
in  the  last  few  paragraphs  without  being  impressed  by  the  manner  in  which 
they  are  in  process  of  fitting  themselves  together  into  a  co-ordinate  and 
simpUfied  whole. 

From  the  simple  reactions  of  a  healthy  skin  to  the  relatively  mild 
stimuh  such  as  are  experienced  daily  by  almost  all  ;  through  the  more 
serious,  though  still  trivial  local  injuries,  the  bruise,  the  bhster  and  the 
small  scald,  which  find  their  simple  household  remedies  ;  to  the  most  grave 
mechanical  injuries  and  extensive  burns,  which  in  their  late  manifestations 
endanger  hfe,  we  pass  by  transition.  It  begins  to  be  apparent  why  this 
transition  is  throughout  a  transition  of  quantity  and  not  of  quality  ;  for, 
underljang  the  whole  series  of  reactions  there  is  seemingly  one  chief  deter- 
mining cause,  the  unvarying  reply  of  the  affected  cell  to  injury  ;  this  response 
of  the  cell,  protective  as  it  is  to  the  cell  itself,  when  united  \^ith  that  of 
neighbours,  produces  a  massive  action,  threatening  or  terminating  the  hfe 
of  the  organism  as  a  whole  ;  an  example  which  is  not  the  sole  example  of 
conflict  between  the  cell  and  the  community  of  which  it  is  a  member. 


CONCLTTSIOHS. 

1.  When  a  solution  of  histamine  is  punctured  into  the  skin  it  gives 
rise  to  a  local  response  comprising  three  independent  reactions,  namely,  (a) 
a  local  dilatation  of  the  capillaries,  venules  and  arterioles  by  direct  action, 
(6)  a  widespread  dilatation  of  surrounding  arterioles,  resulting  from  a  local 
reflex,  and  (c)  a  locally  increased  permeabihty  of  the  walls  of  minute  blood 
vessels  by  direct  action.  This  total  reaction  is  termed  the  type  reaction  and 
leads  to  local  oedema  of  the  skin. 

2.  The  vascular  reactions  of  the  skin  in  urticaria  facticia  in  response 
to  single  strokes,  and  incidentally  of  normal  skins  to  repeated  strokes,  are 
closely  compared.  The  reactions  are  in  general  and  in  detail  identical  with 
those  of  the  type  reaction. 

3.  From  this  comparison,  and  from  further  evidence  of  a  more  direct 
kind,  it  seems  clear  that  the  reactions  of  the  skin  to  stroking  result  from  the 
Uberation  of  a  chemical  substance  in  the  skin,  this  substance  having  a  hista- 
miue-like  action  on  the  blood  vessels  and  nerves. 
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4.  Less  extensive  comparisons  of  the  skin's  responses  to  scratches  and 
pin  pricks,  and  to  excessive  heat,  indicate  that  these  responses  are  of  a  similar 
or  identical  kind  and  that  these  are  determined  by  a  chemical  stimulus. 

5.  These  observations  are  discussed  and  brought  into  perspective  with 
shock  arising  from  histamine,  from  severe  mechanical  injuries  and  from 
severe  burns,  as  these  have  been  described  by  previous  workers. 

6.  The  increased  jiermeabiUty  of  the  skin  vessels,  consequent  upon 
a  histamine  or  mechanical  stimulus  locally  appUed,  is  shown  to  be  shortly 
followed  by  a  pecuhar  condition  of  partial  or  complete  refractoriness  to 
further  stimulation  of  the  same  kinds  ;  as  this  condition  of  refractoriness 
becomes  estabhshed,  increased  jiermcabihty  disappears.  The  meaning  of 
tliis  phenomenon  is  discussed  at  length. 

To  our  colleagues.  Dr.  A.  M.  H.  Gray  and  Dr.  J.  W.  McNee,  we  are  much 
indebted  for  several  cases  of  urticaria  factitia  which  they  have  kindly  jjlaced 
at  our  disposal ;  we  are  equally  indebted  to  Dr.  Picton  PliiUips  for  the 
opportunity  of  examining  cases  of  old -standing  sensory  nerve  le.sions  under 
his  care. 


Note  on  the  response  of  the  guinea  pig's  uterus.  Much  time  and  labour  has  been  spent  in 
testing  the  effects  of  wheal  fluid  upon  the  tone  of  short  pieces  of  the  guinea  piEc's  uterus.  Tlie 
fJuid  has  been  obtained  from  small  burns  of  our  own  arms,  and  from  tlie  prominent  stroke  wheals 
of  Subject  1,  in  doses  up  to  1  or  2  cubic  millinietres.  For  this  purjiose  a  variety  of  cUiTerent  methods 
has  been  employed  ;  these  we  do  not  propose  to  discuss,  other  than  to  state  that  the  uterus  is 
suspended  in  a  very  small  bath  through  which  a  stream  of  oxygenated  Ringer-Locke  solution 
passes.  The  wheal  fluids  constantly  produce  tonic  contraction  of  tlie  uterus,  the  curves  being 
dentical  in  form  with  those  yielded  by  histamine.  We  estimate  the  dilution  of  the  toxic  substance 
n  the  wheal  fluids,  in  terms  of  histamine  base,  at  approximately  1  in  1,, 500,000.  This  estimate 
s  consistent  with  others  already  discussed  in  our  jiaper.  The  difficulty  of  the  work  lies  in  the 
minute  doses  of  fluid  available,  and  we  are  unable  to  introduce  our  results  into  the  main  body  of 
our  paper,  because  our  controls  have  failed  us.  As  yet,  a  method  has  not  been  obtained  in  which, 
while  wheal  fluid  yields  contractions,  plasma  obtained  from  the  same  subjects,  and  similarly 
treated  and  in  similar  doses,  gives  constantly  smaller  contractions  or  no  contraction.  From  time 
to  time  the  contrast  between  plasma  and  wheal  fluid  has  seemed  sufficient,  but  on  more  numerous 
occasions  the  effects  of  the  two  fluids  have  seemed  to  be  identical. 
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OBSERVATIONS   RELATING   TO   THE   NERVE   SUPPLY   OF   THE 
CORONARY   ARTERIES   OF   THE   TORTOISE.* 

Part  II.— PERFUSION    OF    THE    ARTERY. 

By  A.  N.  DRURY  and  J.  J.  SUMBAL  (Bratislava). 
{From  the  Cardiac  Department,   University  College  Hospital  Medical  School.) 

In  a  previous  paper  the  effects  of  locally  applying  adrenalin,  and  of 
stimulating  the  vagus  upon  the  coronary  artery  have  been  described^.  In 
these  experiments  changes  in  calibre  were  determined  by  viewing  the 
arteries  directly  through  a  microscope  in  the  naturally  beating  heart  with 
intact  circulation.  Tiiis  method,  in  spite  of  its  manifold  advantages,  is 
limited  by  the  fact  that  only  very  definite  changes  in  the  caUbre  of  the 
vessels  can  be  determined  with  any  degree  of  certainty.  For  instance, 
although  vagal  stimulation  produced  no  visible  change  in  the  normal  artery, 
it  definitely  dilated  a  vessel  which  had  been  previously  constricted  by  the 
local  apphcation  of  adrenalin.  In  order,  therefore,  to  elicit  any  small  change 
in  vessel  calibre  wliich  may  result  from  nerve  stimulation,  and  which  cannot 
be  appreciated  by  direct  observation,  and  to  substantiate  further  the 
previous  and  more  subjective  findings,  the  question  has  been  re-examined 
by  pei'fusing  the  whole  coronary  system.  The  influences  of  vagal  stimulation 
and  adrenahn  have  been  reobserved,  and  the  effects  of  sympathetic  and 
coronary  nerve  stimulation  have  also  been  investigated,  the  reaction  of 
the  coronary  vessels  being  determined  by  the  change  in  the  amount  of 
perfusion  fluid  flowing  into  the  coronary  system. 

Method. 

As  in  the  previous  experiments,  the  tortoise  (Testudo  grmca)  has  been 
used.f  The  animal  is  pithed  and  tied  firmly  by  its  four  limbs  to  a  board, 
shaped  to  receive  the  rounded  dorsal  carapace.  The  anterior  tliird  of  the 
ventral  carapace  is  removed,  great  care  being  taken  to  avoid  damage  to  the  veins 
Ijang  close  beneath,  since  when  a  vein  is  damaged  air  immetliately  enters 
it  and,  finding  its  way  to  the  heart,  may  be  forced  into  the  coronary  system, 
thus  rendering  the  experiment  useless.  The  pectoral  girdle  is  cut  through, 
and  the  two  forehmbs  dissected  and  puUed  away  so  that  the  pericardium 

*  Observations  undertaken  on  behalf  of  the  Medical  Research  Council. 
f  The  experiment?  were  performed  during  the  autumn  and  winter. 
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and  the  basal  vessels  are  exposed.  The  pericardium  is  opened  and  the  heart 
and  the  vessels  laid  bare.  Stitches  are  then  placed  in  the  pericardial 
attachments  of  these  basal  vessels  and  fixed  so  that  the  right  side  of  the 
aorta  can  be  easily  reached.  The  coronary  artery  of  the  tortoise  springs 
as  a  single  vessel*  fairly  high  up  on  the  right  side  of  the  aorta,  and  divides 
quickly  into  two  branches.  The  original  single  stem  is  variable  in  length  and 
caUbre  in  different  tortoises,  but  in  the  great  majority  it  is  sufficiently  large 
and  long  enough  to  allow  a  small  glass  cannula  to  be  introduced  and  tied  in. 
A  thin  stitch  having  been  passed  in  and  out  of  the  aorta  so  as  to  encircle 
the  coronary  artery  close  to  its  origin,  the  caruiula  is  introduced  into  the 
aorta  through  a  small  cut  about  5  mm.  above  the  origin  of  the  coronary 
artery  and  is  passed  into  the  artery  and  tied  off,  a  second  ligature  being  tied 
subsequently  around  the  cannula.  The  amount  of  fluid  flowing  through 
the  coronary  vessels  is  measured  by  means  of  Edgar-Atzler  and  Frank's 
method*,  which  allows  variations  in  inflow  to  be  determined  from  moment 
to  moment.  The  perfusion  fluid  is  held  in  a  container  of  large  cross  section 
so  that  the  passage  of  a  considerable  amount  of  fluid  does  not  materially 
change  the  level  of  the  perfusion  fluid,  which  is  placed  at  a  height  above  the 
level  of  the  heart  giving  a  usual  pressure  of  30-40  cms.  H^O.  Alterations  in 
the  level  of  the  perfusion  fluid  have  a  considerable  influence  upon  the  rate  of 
inflow,  pressures  of  60,  50,  40,  30  and  20  cms.  H^O  being  associated  with 
inflows  of  4-0,  3-4,  1-9,  1-1  and  0-36  ccs.  per  minute  respectively,  -with  a 
constant  cardiac  rate.  Ringer's  solution  is  perfused,  the  composition  being 
either  that  given  by  Daly  and  Oark^  or  Demoor*,  and  no  difference  in  the 
results  is  occasioned  by  such  slight  alteration  in  its  composition.  The 
heart  was  observed  throughout  the  experiment,  and  oedema  noted  only 
on  the  few  occasions  when  the  heart  had  been  perfused  for  many  hours. 
To  avoid  tliis  effect,  3-5  per  cent,  gum  acacia  was  added  to  the  perfusion 
fluid  in  a  few  experiments  without  affecting  the  general  findings.  Any 
hindrance  to  the  outflow  through  the  coronary  vein  is  prevented  by  cutting 
open  the  auricle  or  the  sinus  venosus.  Thin  threads  are  tied  to  the  auricle 
and  ventricle  and  attached  to  hght  levers,  which  record  the  respective 
sj'stoles  on  a  smoked  drum.  The  perfection  of  these  records  is  sacrificed  to 
a  more  important  consideration,  namely,  the  most  advantageous  adjustment 
of  the  heart's  position  to  keep  the  coronary  artery  and  vein  free  from  kinks 
or  any  possible  obstruction.  They  afford,  however,  a  sufficient  index  of 
variations  in  the  strength  of  the  auricular  and  ventricular  systoles,  record 
the  cardiac  rate  and  signal  by  shifting  the  zero  of  the  curves,  any  movement 
of  the  heart's  position  which  may  occur  during  the  experiment.^    The  inflow 

*  On  one  or  two  occasions  two  small  coronary  arteries  have  been  found  arising  from  the 
aorta,  one  on  the  anterior  aspect,  the  other  on  the  right  and  somewhat  posterior  aspect. 

t  Any  movement  of  tlie  lie  of  the  heart  during  stimulation  by  altering  the  position  of  the 
caimula  in  the  coronary  artery  is  liable  to  give  rise  to  an  altered  inflow.  As  the  position  originally 
chosen  is  always  that  wliich  gives  the  greatest  inflow,  retardation  is  usually  produced  by  move- 
ment. 
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is  written  upon  the  same  drum,  each  drop  of  a  lever  representing  the  passage 
of  a  certain  volume  of  perfusion  fluid  into  the  arterj^  ;  the  number  of  drops 
of  the  lever  made  by  the  passage  of  1  cc.  of  perfusate  through  the  cannula 
being  determined  at  the  end  of  the  experiment.  When  the  effect  of  vagal 
stimulation  is  being  investigated,  the  anterior  third  of  the  ventral  carapace 
is  removed,  the  vagus  exposed  in  the  neck  and  there  stimulated.  Ths 
stimulation  of  the  sympathetic  nerve  requires  removal  not  only  of  the  whole 
ventral  carapace  but  also  a  piece  of  the  dorsal  carapace  on  the  side  on  which 
the  stimulated  sympathetic  hes,  since  it  is  necessary  to  dissect  out  the 
sympathetic  ganglia,  the  lung  being  carefully  withdrawn.  These  gangha 
lie  as  a  chain  close  to  the  subclavian  and  vertebral  vessels*  *  *  and  are 
easily  exposed  in  this  manner  ;  usually  three  gangha  are  present,  but  either 
two  or  all  may  be  fused.  The  cardiac  nerves  are  sent  off  from  the  middle 
gangUon  or  (if  they  are  all  united)  from  the  upper  end  of  that  mass. 
The  middle  sympathetic  ganghon  has  been  stimulated.  The  stimulation  of 
the  coronary  nerve  is  effected  by  hfting  up  the  heart  sufficiently  to  allow  a 
stimulator  to  be  placed  upon  the  nerve  which  runs  alongside  the  coronary 
vein.  These  electrodes  must  be  fixed  permanently  because,  if  they  alter  in 
position,  they  may  press  upon  the  coronary  vein  and  mechanically  change 
the  inflow.  As  large  a  cannula  as  possible  is  usually  introduced  and  passed 
up  the  vein  from  the  sinus  venosus  and  clamped  in  position  ;  the  stimulator 
could  then  be  placed  upon  this  cannula  and  the  nerve  stimulated  with  much 
less  risk  of  mechanical  disturbance.  The  cardiac  rate  is  maintained  through- 
out the  experiment  by  means  of  break  shocks  applied  to  the  ventricle  at  a 
constant  rate  sUghtly  above  that  of  the  normal  heart  rate.  The  influence 
of  change  of  rate  upon  the  inflow  into  the  coronary  system  is  inconsiderable. 
Ventricular  rates  of  14,  17,  23,  31,  39  (the  last  being  associated  with  2  :  1 
response  of  the  auricle)  per  minute  have  yielded  inflows  of  1-8,  1-8,  1-85, 
1-9  and  1-7  cc.  per  minute  respectively  with  a  constant  perfusion  pressure. 
In  the  tables  of  the  coronary  inflow  the  amount  of  inflow  in  cc.  for  each 
successive  minute  has  been  calculated.  This  method  of  tabulation,  while 
obviating  errors  arising  from  sUght  alterations  in  flow  from  moment  to 
moment,  tends  to  mask  the  evanescent  effects  produced  by  nerve  stimu- 
lation since  an  average  and  not  a  maximal  effect  is  tabulated. 

The  effect  of  sympathetic  stimulation. 

The  influence  of  stimulating  the  sympathetic  gangha  has  been  tested 
in  five  tortoises  (see  Table  I).  The  coronary  inflow  either  remains  unchanged 
upon  stimulating  the  gangha  on  the  right  or  the  left  side,  or  is  decreased.* 
The  extent  of  the  decrease  varies  in  different  tortoises,  and  in  the  most 
striking  examples  amounts  to  about  50  per  cent.,  while,  on  the  average,  it  is 


*  The  path  of  the  sympathetic  fibres  supplying  the  coronary  vessels  is  unknown  ;  should 
these  join  the  coronary  artery  close  to  its  origin  they  may  be  caught  up  by  the  Ugature  holding 
the  perfusion  cannula  and  damaged,  and  thus  negative  results  obtained. 
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reduced  about  30  per  cent.  Fig.  1  sliows  a  record  of  sucli  an  effect,  the  ven 
tricle  being  driven  rhythmically  throughout  at  a  rate  of  38  per  minute. 
At  the  beginning  of  the  record  the  inflow  is  about  0-78  cc.  per  minute.  The 
middle  cervical  ganglion^  is  then  stimulated  on  the  right  side,  and  after  a 
short  delay  the  rate  of  flow  is  seen  to  decrease  and  amounts  to  0-51  cc.  per 
minute.  After  withdrawing  stimulation  the  inflow  increases  again  and  at 
the  end  of  the  record  amounts  to  0-78  cc.  per  minute.  The  auricle  shows  a 
sUghtly  increased  force  of  contraction  during  the  stimulation  ;  no  change 
is  seen  in  the  ventricular  contractions.  The  influence  of  similar  stimulation 
upon  the  same  heart  beating  naturally  produced  a  rise  in  cardiac  rate  from 
18  per  minute  to  26  per  minute.  In  our  experiments  sympathetic  stimu- 
lation has  not  produced  the  great  augmentation  in  auricular  systole  and  of 
cardiac  rate,  spoken  of  by  GaskelP.  On  a  few  occasions,  when  the  heart 
has  been  beating  naturally  at  a  low  rate  of  8-12  per  minute,  considerable 


Fig.  1.  (X5/8).     Tortoise  J.     Effect  of  stiiimlation  of  sympathetic  upon  coronary 
Perfusion  pressure  =  40  cm.s.  H^O.    Time  marker  =  5  sees. 


augmentation  has  been  noted  in  both  the  cardiac  rate  and  in  the  force  of 
auricular  systole  upon  sympathetic  stimulation  ;  but  after  the  heart  has 
been  driven  rhythmically  for  sime  time  the  auricular  systole  appears  to  be 
little  affected.  On  all  occasions  when  the  coronary  flow  has  been  decreased, 
either  an  augmentation  of  some  degree  has  been  seen,  or  a  2  :  1  resj^onse  of  the 
auricle  to  the  ventricle  driven  at  a  relatively  high  rhythmic  rate  has  been 
converted  to  a  1  :  1  response.  There  appears  to  be  no  constant  quantitative 
relation  between  the  sympathetic  action  upon  the  force  of  auricular  systole 
and  change  in  the  inflow,  some  of  the  greatest  changes  in  the  latter  being 
associated  with  httle  change  in  auricular  systole.  In  agreement  with 
GaskelP  we  have  noted  no  change  in  the  ventricular  systole  during  sym- 
pathetic stimulation. 
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The  influence  of  culreruilin  chloride. 

Parke  Davis's  adrenalin  chloride  has  been  used,  and  the  1  in  1,000  B.  P. 
solution  diluted  with  Ringer's  solution.  In  some  experiments  two  perfusion 
bottles  were  connected  with  the  same  recording  apparatus,  one  containing 
Ringer's  solution,  the  other  a  solution  of  adrenalin  chloride  of  a  dilution  of 
1  in  1,000,000,  or  1  in  500,000  with  Ringer's  solution,  so  that  either  solution 
could  be  perfused  at  will  without  change  in  the  perfusion  pressure.  Perfusion 
of  the  coronary  vessels  for  a  few  minutes  with  such  dilute  solutions  always 
gives  rise  to  a  great  retardation  of  the  coronary  inflow,  which  only  returns  to 
its  original  rate  after  some  hours  of  further  perfusion  with  Ringer's  solution. 
In  the  majority  of  experiments,  therefore,  a  small  amount  of  a  dilute  solution 
of  adrenaUn  has  been  slowly  injected  into  the  rubber  tubing  carrjang  the 
perfu.sion  fluid  ;  a  method  which  allows  more  transient  effects  to  be  witnessed. 
A  retardation  of  the  inflow  has  always  occurred,  and  injections  of 
0-2  cc.  of  a  1  in  10,000  solution,  usually  stop  the  inflow  almost  entirely.  The 
reaction  vidth  such  solutions  is  long  lasting,  passing  off  in  about  one  hour. 
The  ventricle,  driven  rhythmically  throughout  the  experiments,  shows  no 
augmentation  in  systole  ;  while  the  auricular  systole  is  always  increased 
sUghtly,  though  not  in  a  degree  comparable  to  that  seen  by  Elliott'.  We 
are  inclined  to  consider  that  the  divergence  of  this  finding  from  that  of 
previous  workers  to  be  due  to  the  use  of  a  rhythmically  driven  heart  in  our 
experiments.  The  natural  cardiac  rate  has  occasionally  been  increased  by 
the  injections,  but  usually  not  sufficiently  to  disturb  the  rhythmic  rate. 
Fig.  2  is  a  record  from  an  experiment  in  which  0-2  cc.  of  adrenalin  chloride 
(1  in  100,000)  has  been  injected  slowly  into  the  perfusion  tubing.  At  the 
beginning  of  the  record  the  inflow  is  shown  to  amount  to  0-72  cc.  per  minute  ; 
after  being  momentarily  disturbed  by  the  injection,  it  is  soon  seen  to  be 
decreased,  amounting  to  only  0-08  cc.  per  minute.  Eighteen  minutes  later 
the  rate  of  inflow  is  seen  to  be  0-30  cc.  per  minute,  the  original  rate  not  being 
restored  for  45  minutes.  In  tliis  experiment  the  veiatricle  was  driven 
rhythmically  throughout,  and  at  the  end  of  the  record  the  natural  cardiac 
rate  was  sufficiently  accelerated  to  distiirb  the  rhythmic  beats  ;  the  ven- 
tricular systoles  are  seen  to  be  unchanged  throughout.  The  auricle  follows 
the  ventricle  throughout,  and  its  force  of  contraction  is  sUghtly  augmented. 
AdrenaUn  has  been  injected  in  very  many  tortoises  ;  examples  sho^\dng 
the  degree  to  which  inflow  is  retarded  by  such  injections  are  given  in 
Table  II. 

In  the  mammal,  as  Dale^  has  shown,  it  is  possible  to  convert  the  vaso- 
constrictor action  of  adrenalin  on  i^eripheral  vessels  into  one  of  dilatation 
by  a  preUminary  injection  of  ergotoxin.  It  is  suggested  by  this  observer 
that  both  vasoconstrictor  and  vasodilatator  fibres  exist  in  the  mammahan 
sympathetic  system,  but  that  the  vasoconstrictor  fibres  predominate  and 
normally  mask  the  vasodilatator  action.     If  ergotoxin  is  given,  however. 
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the  vasoconstrictor  mechanism  is  siipijosedly  stimvilated,  leaving  the  vaso- 
dilator mechanism  untouched,  and  a  subsequent  dose  of  adrenaUn  acting 
upon  tliis  mechanism  dilates  the  vessel.  In  five  tortoises  adrenahn  has  been 
introduced  during  the  perfusion  of  a  solution  of  ergotoxin.  The  strength 
of  the  ergotoxin  solution  used  was  either  1  in  200,000,  100,000  or  50,000.  In 
one  tortoise  (Tortoise  L,  Table  III)  a  small  increase  of  flow  was  obtained 
upon  injecting  adrenahn,  but  the  remaining  animals  gave  the  usual 
decreased  flow.  The  ergotoxin  itself,  as  in  the  mammal,  in  all  cases  retarded 
the  inflow,  in  some  instances  very  considerably,  showing  the  dose  to  be 
effective  ;  despite  this  action,  no  subsequent  vasodilatation  was  constantly 
produced  by  adrenaUn.  Thus,  in  the  tortoise  clear  evidence  for  sympathetic 
vasoconstrictors  is  alone  forthcoming. 

The  influence  of  vagal  stimulation. 

The  vagus  nerve  has  been  stimulated  in  a  large  number  of  tortoises. 
The  reaction  is  usually  an  increase  in  coronary  inflow  ;  in  some,  however,  no 


Fig.  3  (   >  i);ll).     Jortoise  S.     Etteet  of  stiinulation  ot'  nglit  vagus  nerve  upo 
Perfusion  pressure  =40  cms.  H^O.    Time  marker  =5  sees. 


change  is  to  be  observed.  Both  vagi  have  been  tested,  being  stimulated  in 
the  neck  with  sufficient  current  strength  to  produce  a  profound  auricular 
effect.  The  increase  in  flow  usually  amounts  to  about  30  per  cent.,  but  on 
some  occasions  may  rise  to  50  per  cent,  or  more.  The  effect  does  not  usually 
appear  immecUately  after  stimulation,  but  is  delayed  so  that  the  full  reaction 
is  not  seen  until  two  or  more  minutes  have  elapsed  and,  if  the  stimulation  has 
been  short,  often  occurs  as  the  auricular  effect  is  passing  off.  After  with- 
drawing the  stimulation  the  increased  inflow  on  some  occasions  i^ersists 
and  a  second  stimulation  opens  up  the  vessels  still  futher,  so  that  the 
coronary  inflow  can  be  increased  by  a  series  of  steps  ;  on  other  occasions  the 
rate  of  inflow  prior  to  stimulation  is  soon  re-estabhshed.  No  paralleUsm 
appears  to  exist  between  the  vagal  influence  upon  the  auricle  and  the  degree 
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of  increased  flow.  Fig.  3  is  an  illustration.  At  the  beginmng,  the  inflow  is 
at  a  rate  of  0-64  cc.  per  minute  ;  the  vagus  is  then  stimulated  and  after  a  short- 
delay  the  inflow  is  seen  to  be  increased,  reaching  1-20  cc.  per  minute  at  the 
end  of  stimulation,  and  slowly  decreasing  again  as  the  influence  of  stimu- 
lation passes  off  ;  the  prestimulation  rate  of  inflow  is  restored  in  7  minutes. 
The  ventricle,  being  rhythmically  driven,  shows  no  change  in  either  the  rate 
or  force  of  its  contractions.  The  auricle  is  slowed  owing  to  the  development 
of  A-V  block  and  its  contractions  are  considerably  weakened.  The  obser- 
vations on  vagal  stimulation  are  further  illustrated  by  Table  IV. 

The  influence  of  vagal  stimulation  upon  vessels  constricted  by  adrenalin. 
In  a  few  tortoises  the  influence  of  vagal  stimulation  upon  adrenalised 
vessels  has  been  tested  (Table  V).  The  vessels  have  been  constricted  by 
introducing  a  suitable  dose  of  adrenalin  and  the  right  or  left  vagus  nerve 


Fig.  4  (  >.  i).     Tortoise  E.     Effect  of  stimulation  of  left  vagus  nerve  upon  coronary  inflow,  vessels 
constrieted  by  adrenalin.    Perfusion  pressure  =45  cms.  HjO.    Time  marker  =1  see. 


subsequently  stimulated.  On  some  occasions,  if  this  stimulation  occurs 
very  soon  after  the  vessels  are  constricted,  no  effect  is  produced,  but  if  a 
sufficient  interval  elapses  after  introducing  adrenahn,  the  inflow  is  always 
increased.  Upon  withdrawing  stimulation,  the  inflow  rate  on  some  occasions 
returns  to  that  present  prior  to  stimulation  ;  it  can  then  be  again  increased 
by  re-stimulating  the  vagus  nerve  ;  on  other  occasions  the  increased  rate 
of  flow  persists  and  the  vessels  can  be  opened  up  more  widely  by  a  series  of 
succe.ssive  stimulations  though  the  pre-adrenalin  rate  is  not  always  fully 
attained.  In  Fig.  4  prior  to  vagal  stimulation  the  inflow  is  seen  to  amount 
to  0-39  cc.  per  minute  (before  the  introduction  of  adrenahn  it  amounted  to 
0-80  cc.  per  minute).  The  left  vagus  is  stimulated  and  the  inflow  after 
a  short  delay  is  increased  to  0-52  cc.  per  minute.  The  pre-stimulation 
inflow   is    slowly    re-estabhshed    after  withdrawing  stimulation.     In  this 


CORONARY     ARTERIES!. 


279 


2 
c 
o 

M 

0-84 

0-84 

0-84 
R.  vagus 

stim. 

0-90 

0-90 
Stim.  off 

1-04 

104 
Reconstricted 
by   adrenalin 

056 

0-56 
R.  vagus 

stim. 

0-52 

0-60 

0-64 
Stim.  off 

0-70 

0-70 

0-70 
R.  vagus 

stim. 

0-80 

0-90 
Stim.  off 

0-92 

1-00 

0-94 

0-80 

100 

- 

o 

05 

666  ^•g666.a666  ^'-g  6666. a  66  '['■g  6  66. a  6  666  >'^  66. a  66 
P<3                 gqP^                     osP^                 oq                 i-Io: 

w 

i^ 

r^ 

« 

0-24 

0-24 
R.  vagus 

stim. 

0-29 

0-36 

0-40 
Stim.  off 

0-40 

0-40 

0-44 
L.  vagus 

stim. 

0-46 

0-52 

0-52 
Stim.  off 

0-54 

0-60 

0-60 

002 
R.  vagus 

stim. 

0-67 

0-60 

0-60 

0-60 
Stim.  off 

0-60 

0-60 

0-60 

2 

s 

s             ta                 g              as                 s              as 

■^'■^666. 3  66666  '^'■g  666. 5  66666  ^'-g  666. 3  666 
05                cQ                    1-3                m                   .03                M 

2 
a 
o 

H 

0-39 
R.  vagus 

stim. 

0-45 

0-50 
Stim.  off 

0-45 

0-41 

0-39 

0-36 

0-36 

0-31 

0-35 
R.  vagus 

stim. 

0-62 

0-90 
Stim.  off 

0-98 

1-00 

1-00 

100 
Reconstricted 
by  adrenalin 

0-09 

009 

015 
R.  vagus 

stim. 

0-15 

0-21 

0-23 
Stim.  off 

0-26 

0-23 

0-26 

0-31 

H 

-^ 

S 

=                 1                             2                      SC»!C                             2iC 

6  6  6  ^  -g  6  6 .3  6  6  6  6  6  >  '-g  6  6  6 .3  6  6  =^  '-g  6  6 .3  6  6  6  6  6  ^'^66.366 
P3m                     i-i                 Spim                     i4» 

Q 

o 

2 

oo  s.goooo  jjoooooo  sgoooo  aoo    .-h_h  ca.g-.-i  —  -h  ^-h-,-.-, 
o6  '[■§6606. 3  666666  ''•§6666.3  66  266  ^-§6666.3  6666 
P3                     m                        (4                     m          g         J                     M 

o 

o 
-1< 

;; 

0-08 

0-08 

0-08 

0-08 
R.  vagus 

stim. 

008 

0-19 

0-19 

0-22 

0-22 
Stim.  off 

0-25 

0-25 

0-27 

0-24 

0-21 

0-18 

0-18 
R.  vagus 

stim. 

0-21 

0-24 

0-20 

0-29 
Stim.  off 

0-32 

0-28 

0-32 

'3 
o 

£ 

0) 

.3    : 
-'3 

280 


N.     DRURY     AND    J.     J.     8UMBAL. 


observation  the  ventricle  was  responding  to  rhythmic  shocks  at  27  per  minute 
throughout,  and  the  completeness  of  the  vagal  stimulation  is  reflected  in  the 
auricular  record. 

TABLE  \^. 

Injlue.nfi'.  nf  alrnpinr  upon  ciirniiary  inflow.     Injlrno  in  res.  per  min.  for  xiiccr.-isirc  miniUe..i. 


Perfusion    pressure    in 
cms.  HoO 


Rhytlunic  stim.  per  min. 


14 


0-64 
004 
0b2 
Atropine 
0-1  mg. 
0-62 
0-58 
0-56 
0-50 
0-54 
0-54 


28 

18 

0-96 

1-76 
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1-66 

0-96 

1-70 

Atropine 
015  mg. 
0-86 

Atropine 
01  mg. 
1-40 

0-76 

1-56 

0-76 

loG 

0-7() 

l-4(> 

(1-74 

1  32 

1  32 

The  influence  of  atropine  sulphate.  If  atropine  sulphate  is  added  to  the 
perfusate  the  coronary  inflow  is  decreased.  This  action  of  atropine  is 
consistent  with  a  loss  of  vagal  tone,  since  vagal  stimulation  produces 
dilatation.  If  the  vagus  nerve  is  stimulated  after  complete  atropinisation, 
no  change  in  the  coronary  inflow  is  produced,  either  in  the  normal  vessel  or 
in  the  vessels  constricted  bj'  adrenahn.  This  failure  to  react  after  atropine 
has  been  observed  in  tortoises  in  which  vagal  stimulation  has  previously  been 
especially  effective  in  opening  up  both  normal  vessels  and  those  constricted 
by  adrenahn  ;  after  the  influence  of  the  atropine  has  passed  off,  the  usual 
reaction  to  stimulation,  namely,  dilatation,  is  restored  again.  The  con- 
strictor effect  of  sympathetic  stimulation  is  unaffected  by  complete 
atropinisation. 


The  coronary  nerve. 

The  only  known  effects  of  coronary  nerve  stimulation  are  those 
originally  reported  by  Gaskell^ ;  they  are  central  effects,  the  heart  rate  being 
slowed  and  the  systoles  of  the  auricle  being  consi^icuously  weakened.  But 
the  coronary  nerve  sends  branches  in  a  peripheral  cUrection,  and  the.se  course 
on  the  ventricle.  The  function  of  these  fibres  has  not  been  explored 
previously.  Stimulation  of  the  coronary  nerve  in  its  length  may  either 
increase  or  decrease  the  rate  of  flow  through  the  coronary  vessels,  and  this 
dual  effect  has  been  found  not  only  in  rUfferent  animals  but  in  one  and  the 
same  animal.    Owing  to  the  close  proximity  of  coronary  nerve  and  vein  it  is 
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impracticable  to  stimulate  the  one  without  risk  of  current  escai)ing  to  the 
other.  It  was  thought  that  the  retarded  flow  sometimes  seen  might  be 
occasioned  by  escape  current  stimulating  the  wall  of  the  vein  and  changing 
its  calibre,  an  effect  which  would  reduce  the  outflow  from  the  coronary 
vessels  and  raise  the  resistance  in  them.  Various  procedures  have  been 
adopted  to  ensure  free  outflow  from  the  veins,  such  as  introducing  a  cannula 
into  the  vein,  shtting  up  the  vein  or  puncturing  the  collecting  veins  as  these 
encircle  the  base  of  the  ventricle,  but  the  retardation  of  flow  when  it  occurs 
cannot  be  abolished  by  any  of  these  methods.  It  would  appear,  therefore, 
that  both  the  increased  and  decreased  flow  are  to  be  attributed  to  nerve 
stimulation.  Whether  the  inflow  is  decreased  or  augmented,  the  auricular 
systoles  are  weakened.      In  Fig.   5  is  an  illustration  of  the  inflow  being 


Tftffow  S*)roPs  9  fee 


d Uriel  9. 


Fig.  5  ( ; 


7).     Tortoise  X.     Effect  of  stimulation  of  coronary   ner\'e  upon   coronary   inflow. 
Perfusion  pressure  =  30  cms.  HjO.    Time  marker  =5  sees. 


increased  from  0-56  cc.  per  minute  to  0-68  cc.  per  minute  as  a  result  of 
coronary  nerve  stimulation.  The  ventricle  responding  to  rhythmic  shocks 
remains  unchanged,  the  auricular  systoles  being  considerably  weakened 
during  the  period  of  stimulation.  If  the  central  end  of  the  nerve  is  cut  and 
the  peripheral  portion  stimulated,  the  changes  in  the  inflow  are  the  same  as 
those  before  section,  though  the  auricular  systole  now  remains  unaltered  in 
strength.  In  two  tortoises  the  vessels  were  constricted  by  adrenahn  ;  in 
one,  the  inflow  which  before  giving  adrenalin  was  always  decreased  by  nerve 
stimulation,  was  similarly  affected  after  the  adrenahn  was  admimstered. 
In  the  other,  the  inflow  was  both  increased  and  decreased  by  stimulation 
before,  but  after  giving  adrenalin  was  constantly  increa.sed.  This  second 
observation  suggests    that   the   decrease   in    flow   originally   seen   resulted 
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from  sympathetic  stimulation,  and  that  this  effect  had  been  abolished  or 
reduced  by  adrenaUn.  In  four  tortoises  sufficient  atropine  was  given  com- 
pletely to  jjaralyse  the  vagal  nerve  endings  ;  in  two  of  these  prior  to 
atropinisation,  the  inflow  had  been  constantly  decreased  by  stimulating  the 
coronary  nerve,  and  the  same  result  was  seen  after  atropinisation.  In  the 
other  two,  before  atropinisation  stimulation  frequently  increased  the  inflow  ; 
this  effect  was  completely  abohshed  by  atropine.  It  would  appear  that 
stimulation  of  the  coronary  nerve,  which  contains  fibres  coursing  peri- 
pherally gives  rise  either  to  vasodilatation  or  vasoconstriction.  The 
vasodilator  effect  is  aboUshed  by  atropine  and  is  evidently  vagal.  With  regard 
to  the  vasoconstrictor  effect,  which  sometimes  appears,  its  meaning  is  not 
entirely  clear ;  it  is  either  attributable  to  stimulation  of  sympathetic  fibres 
in  the  coronary  nerve  itself  or  of  neighbouring  nerve  fibres  of  the  same 
kind  in  the  vicinity. 

Summary. 

The  conclusions  recorded  by  Drury  and  Smith^,  namely,  that  adrenaUn 
constricts  the  coronary  arteries,  and  that  vagal  stimulation  dilates  the 
vessels  when  so  constricted,  have  been  fully  borne  out  by  the  observations 
upon  the  perfused  coronary  system,  detailed  in  this  paper.  It  is  now  shown 
that  stimulation  of  either  the  right  or  left  vagiis  nerve  dilates  the  normal 
coronary  ves.sels  as  well  as  those  previously  constricted  by  adrenalin,  while 
stimulation  of  the  sympathetic  nerve  constricts  the  vessels.  Ergotoxin,  in 
a  dose  sufficient  to  produce  a  definite  constriction  of  the  vessels  fails  to 
unmask  any  dilator  action  of  adrenaUn  ;  the  evidence  so  far  derived  from 
nerve  stimulation  and  adrenalin  injections  in  the  tortoise  supports  vaso- 
constrictor sympathetic  effects  only.  Atropine,  in  do.ses  sufficient  to  paralyse 
completely  the  vagal  nerve  encUngs,  immediately  gives  rise  to  a  sUght 
constriction  of  the  vessels  ;  this  effect  is  attributed  to  removal  of  vagal 
tone.  Atropine  abolishes  the  dilator  effect  of  vagal  stimulation  and  leaves 
the  constrictor  effect  of  sympathetic  stimulation  unaffected.  Stimulation  of 
the  coronary  nerve  both  dilates  and  constricts  the  vessels,  at  the  same  time 
weakening  the  auricular  systole.  After  complete  atroi^inisation  constriction 
of  the  vessels  is  alone  seen.  The  coronary  nerve  is  demonstrated  to  contain 
vasocUlator  fibres  belonging  to  the  vagal  system  and  running  peripherally 
to  the  ventricle  ;  it  possibly  contains  constrictor  sympathetic  fil)res  coursing 
pcri^jherally,  thougli  this  remains  unproved. 
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THE    ACTION    OF     PITUITARY    EXTRACTS,     ACETYL-CHOLINE 

AND  HISTAMINE  UPON  THE  CORONARY  ARTERIES  OF 

THE   TORTOISE.* 

By  J.  J.  SUMBAL  (Bratislava). 
{From  the  Cardiac  Department,  University  College  Hospital  Medical  School.) 


The  effects  of  vagal  and  sj'mpathetic  nerve  stimulation  upon  the  coronary 
vessels  of  the  tortoise  have  already  been  reported"'  i^,  and  these  show  clearly 
that  the  reactions  of  these  vessels  to  such  stimulation  are  not  comparable 
to  those  usually  described  as  occurring  in  the  mammahan  lieart.  While 
most  observers  report  that  vasodilatation  follows  sympathetic,  and  that 
vasoconstriction  follows  vagal  nerve  stimulation  in  the  mammal,  the 
reverse  effects  are  uniformly  seen  in  the  tortoise,  whether  the  reaction  be 
judged  by  microscopic  observations  of  the  vessels  or  by  changes  in  the  flow 
of  a  perfusion  fluid  into  the  main  artery.  Therefore  it  seemed  desirable  to 
test  the  effect  of  certain  substances,  the  effects  of  which  upon  the  vascular 
system  in  other  animals  are  already  known,  namely,  pituitary  extract, 
acetyl-chohne  and  liistamine.  Testudo  groeca'^  has  been  used  throughout, 
and  the  action  of  these  substances  upon  the  coronary  vessels  determined  by 
the  direct  and  also  by  the  perfusion  methods  already  described. 

Pituitary  extracts. 

The  reaction  of  the  blood  vessels  in  the  mammal  to  extracts  of  the 
pituitary  body,  or  to  the  commercial  preparations  of  this  gland,  have  been 
extensively  studied  by  other  workers.  The  early  observations  of  Oliver  and 
Schafer^*,  in  wliich  they  showed  that  an  injection  of  pituitary  extract 
causes  an  increased  blood  pressure  and  decreased  cardiac  rate,  has  been  fully 
borne  out  and  ampUfied  by  later  observers  ^'  *■  i^'  i*,  especially  by  Dale*,  using 
both  the  fresh  extract  of  the  gland  and  commercial  preparations.  All  are 
in  agreement  that  the  peripheral  blood  vessels  are  constricted.  Using  the 
frog  {R.  temporaria),  Krogh  and  his  co-workers^^,  have  shown  that  pituitrinj 


*  Observations  undertaken  on  behalf  of  the  Medical  Research  Council. 

f  The  experiments  were  performed  during  the  montlis  of  December,  January  and  February. 

{  The  term  pituitrin  is  usefl  here  and  subsequently  to  indicate  Parke  Davis's  preparation. 


286  ./ .     ./ .     SUMBAL. 

constricts  the  arteries  of  the  web  and  foot,  whether  it  be  appUed  locally  or 
perfused  in  very  dilute  concentration  througli  the  hmb.  Moreover,  extirpa- 
tion of  the  hypophysis  in  tliis  animal,  as  llehberg  has  shown^i,  gives  rise 
within  a  few  hours  to  a  dilatation  of  the  capillaries  of  the  skin  and  web, 
wliich  within  twenty-four  hours  is  very  considerable.  Krogh^^,  in  fact, 
suggests  as  a  result  of  further  experiment  that  a  pituitary  hormone  is  normally 
present  both  in  the  amphibian  and  mammalian  ])lood  which  is  responsible 
for  the  tone  of  the  capillaries. 

With  regard  to  the  coronary  arteries  the  observations  have  been  confined 
to  the  mammahan  heart.  Pal^*,  using  an  isolated  strip  of  coronary  artery, 
found  that  pituitrin  brought  about  a  definite  constriction,  a  similar  result 
being  obtained  by  De  Bonis  and  Suzanna''  using  a  fresh  extract  of  the  whole 
hypophysis.  Cow^,  also  using  the  isolated  artery,  was  unable  to  note  any 
definite  reaction  to  hypophysis  extract ;  sometimes  dilatation,  at  other  time 
constriction  being  seen.  Dale^,  however,  using  an  extract  of  the  hypophysis, 
not  only  observed  definite  constriction  in  an  isolated  coronary  strip,  but  also 
showed  a  diminished  coronary  ovitflow  in  the  perfused  rabbit's  heart  after 
adding  the  extract  to  the  perfusion  fluid.  Rabe^^  using  the  hearts  of  rabbits, 
cats  and  dogs,  could  find  no  constant  change  in  the  coronary  outflow  upon 
introducing  j)ituitary  extract,  sometimes  cUlatation,  at  others  constriction, 
being  produced. 

Direct  observation  of  the  artery.  The  reaction  to  infundin*  of  the  small 
arteries  coursing  upon  the  pulmonary  artery  in  the  intact  heart,  responding 
to  regular  induction  shocks,  has  been  observed  directly  in  seven  tortoises  by 
the  method  described  in  a  previous  paper^i.  Upon  applying  a  drop  of  this 
substance  to  a  small  artery,  this  vessel  quickly  becomes  much  more  distinct, 
and  small  adjacent  arterioles  and  capillaries  which  were  very  indistinct 
before  are  now  easily  visible  ;  the  blood  flow  is  greatly  increased  in  all  vessels 
covered  by  the  drop.  The  reaction  persists  for  fully  thirty  minutes  and  is 
limited  to  the  area  of  application.  If  an  artery  is  jireviously  constricted 
to  the  point  of  disappearance  by  applying  adrenalin  in  a  dilution  of  1  in 
10,000,  a  drop  of  infundin  subsequently  placed  upon  the  constricted  vessel 
opens  it  up  completely  in  a  minute  or  two,  and  the  blood  flow  is  again  seen. 
On  one  occasion  several  small  suiierficial  arteries  were  constricted  by  applying 
adrenaUn  to  them,  and  these  were  quickly  dilated  when  01  cc.  of  infundin 
was  injected  into  the  aorta.  In  two  tortoises  a  fresh  extract  of  the  jntuitary 
body  of  the  tortoise  was  u.sed,  the  dissected  gland  being  extracted  with  3 
drops  of  Ringer's  solution.  Local  apphcations  of  a  drop  of  such  an  extract 
gave  similar  results  to  these  ob.served  with  infundin.  The  arteries  coursing 
on  the  ventricle  also  reacted  in  a  similar  manner  both  to  infundin  and  to 
freshly  prepared  extract  of  the  tortoise  pituitary  body. 


*  Hero   anil    subsequently    t.lie   term    infundin  applies  to    Burroughs,   Wellcome  and  Co.'s 
preparation  (17",,  original  extract). 
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Tlio  reaction  docs  not  appear  to  be  limited  to  arteries  of  any  special 
size,  both  the  larger  and  smaller  vessels  dilating  conspicuously.  With 
regard  to  the  capillaries,  no  final  judgment  could  be  passed,  though  on  one 
occasion,  when  the  flow  in  the  coronary  artery  had  been  completely  stopped 
by  prolonged  arrest  of  the  heart,  consequent  upon  vagal  stimulation,  the 
capillaries  were  seen  definitely  to  dilate  upon  applying  infundin  locally  to 
them,  suggesting  a  specific  action  upon  the  capillary  wall. 

The  general  blood  pressure  was  measured  in  two  tortoises  by  inserting 
a  cannula  into  the  carotid  artery  and  connecting  it  with  citrated  Ringer's 
solution  to  a  mercury  manometer.  The  injection  of  0-1  cc.  of  infundin  into 
the  general  circulation  quickly  reduced  the  blood  pressure,  in  one  case  from 
10  mm.  Hg.  to  0  mm.  Hg.,  in  the  other  from  30  mm.  Hg.  to  6  mm.  Hg.,  the 
original  pressures  being  later  restored  in  each  instance.  The  heart  was 
diiven  throughout  the  observation  by  rhythmic  shocks,  at  a  rate  slightly 
above  the  heart  rate,  and  the  ventricular  systoles  recorded.  Slight  decrease 
in  the  amplitude  of  the  ventricvdar  systole  was  seen  during  the  observation. 
The  coronary  arteries  in  these  two  tortoises  reacted  in  the  usual  manner 
to  infundin. 

Perfusion.  The  coronary  artery  was  perfused  in  the  manner  detailed 
in  the  pre\"ious  paper  and  the  inflow  measured  before  and  after  introducing 
infundin.  The  substance  was  injected  into  the  tubing  carrying  the  perfusion 
fluid  to  the  heart  in  doses  of  01  to  0-2  cc.  of  the  full  strength  solution,  or 
of  0-2  cc.  of  this  solution  diluted  100  or  1.000  times.  The  inflow  into 
the  coronary  sj-stem  was  constantly  increased  whether  the  original  strength 
or  the  dilution  of  1  in  1,000  was  employed,  difference  in  degree  \\ith  the 
different  dilutions  used  alone  being  noted.  The  original  rate  of  inflow  was 
usually  restored  in  5-10  minutes,  but,  on  occasions,  a  sHghtly  increased  rate 
persisted.  The  results  of  introducing  infundin  into  the  perfusion  fluid  are 
given  in  Table  I.  The  ventricular  and  auricular  systoles  were  always 
diminished  during  the  height  of  the  reaction,  and  occasionally  the  rhythmic 
stimuli  became  ineffective  so  that  the  heart  beat  with  a  very  slow  natural 
rhythm.  As  the  reaction  passed  off,  the  systoles  of  both  auricle  and  ventricle 
were,  on  occasions,  greater  than  before  the  pituitary  extract  was  introduced. 
In  Fig.  1  a  record  resulting  from  an  injection  of  O'l  cc.  of  infundin  is  shown. 
the  heart  being  driven  rhythmicallj-  throughout  at  a  rate  of  18  per  miiiute. 
At  the  begimiing  of  the  record  the  inflow  amounts  to  0-30  cc.  per  minute  ; 
immediately  after  the  injection  the  inflow  is  increased  and  in  the  third  minute 
amounts  to  1-86  cc.  ;  21  minutes  later  it  has  fallen  to  0-52  cc.  per  minute. 
The  initial  weakening  and  subsequent  augmentation  of  both  the  auricular 
and  ventricular  systoles  are  clearly  seen.  On  one  occasion,  0-05  cc.  of  the 
extract  of  tortoise  pituitary,  prepared  in  the  manner  already  described,  was 
injected  (see  Table  1,  last  column).  The  reaction  was  .similar  to  that  seen 
with  infundin,  the  inflow  being  increased  immediately  after  the  injection 
and  the  original  rate  being  restored  in  about  8  minutes.     The  systoles  of  the 
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auricle  and  ventricle  were  slightly  decreased  during  the  height  of  the  arterial 
reaction. 

In  two  tortoises  a  dose  of  atropine  was  given  sufficient  to  paralyse 
completely  the  vagal  nerve  endings.  The  injection  of  infxnidin  in  such 
circumstances  also  increa.sed  the  coronary  inflow,  but  this  was  often  delayed 
and  on  occasion  was  preceded  by  a  slowing  of  coronary  inflow  (Table  II). 
After  the  atropine  effect  had  passed  away,  the  usual  reaction,  i.e.,  an  imme- 
diate rise  in  coronary  inflow  was  obtained.  In  five  tortoises  the  coronary 
inflow  was  retarded  by  a  previous  perfusion  of  adrenalin,  and  then  infundin 
introduced.  In  these  circumstances  the  inflow,  after  a  shght  delay  conse- 
quent upon  the  longer  time  taken  for  the  substance  to  reach  the  arteries 
owing  to  the  slow  inflow,  was  constantly  increased  and  in  a  degree  similar  to 
that  seen  in  the  case  of  normal  vessels  (Table  III). 

The  introduction  of  pituitary  extract  dilates  the  coronary  arteries,  a 
reaction  wliich  is  not  only  to  be  seen  directly,  but  is  also  witnessed  by  the 
perfusion  method.  Previous  administration  of  adrenaUn  does  not  influence 
the  result,  the  constricted  vessels  being  completely  dilated  as  usual.  After 
complete  atropinisation  of  the  animal  the  increase  in  inflow  is  not  so  con- 
siderable   and   often    there   is    a    slight    decrease   following    the    injection. 


T.\BLE  I. 

The  injluciicc  of  pituitary  extracts  upon  coroiuiry  inflow  {normal  vessels 
Inflow  in  ccs.  per  minute  for  successive  minutes. 


Tortoise             

J. 

!         L. 

S. 

T. 

M. 

M. 

Perfusion    pressure   in 

1 

cms.  HjO 

40 

40 

40 

40 

40 

40 

Rhytlimic     stim.     per 

minvite 

37 

27 

18 

22 

27 

27 

102 

0-54 

0-20 

1-52 

0-26 

0-76 

1-09 

0o6 

0-28 

1-40 

0-28 

0-78 

101 

0-60 

0-30 

1-40 

0-26 

0-76 

0-98 

0-62 

Infundin 

1-40 

0-26 

0-68 

Infundin 

Infundin 

01  cc 

1-36 

Infundin 

0-68 

0-1  cc. 

015  cc. 

1-24 

Infundin 

0-2  cc. 

Extract  of 

1-44 

0-98 

1-56 

0-2  cc. 

1  in  1,000 

tortoise 

1-27 

1-70 

1-86 

1  in  100 

0-48 

hypophysis 

1-06 

1-98 

1-64 

1(56 

0-44 

005  cc. 

105 

1-80 

1-36 

2-30 

0-42 

0-88 

0-98 

1-80 

1-26 

202 

0-.38 

0-96 

103 

l-7() 

M6 

1-.54 

0-36 

0-80 

1-72 

114 

1-30 

0-30 

0-86 

1-76 

1-00 

1-20 

0-82 

1-74 

0-86 

116 

0-84 

1-70 

0-76 
0-60 
0-52 
0-44 
0-52 
0-54 
0-52 

M6 
114 
114 
1-08 
104 
112 
1-12 
1-02 
(10(1 

0-80 
0-84 
0-76 
0-78 
0-80 
0-82 
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TABLE   II. 

The  influence  uf  infiiiuUih  upon  corotiary  inflow  (after  alroidiii.idlion)* 
Inflow  in  ccs.  per  minute  for  successive  minutes. 


Tortoise 

P. 

P.  contd. 

R. 

K.  contd. 

Perfusion     pressure    in 

cms.  H,0       

40 

40 

Rhytlunic  stim.  per  min. 

28 

18 

0-96 

112 

1-7G 

1-08 

0-96 

116 

i'<;i; 

1-20 

0-96 

104 

1-7U 

MG 

Atropine 

Infundin 

Atropine 

Pressure  raisefl 

0-15  mg. 

0-2  cc. 

01  mg. 

to  45  cms.  H.O 

0-86 

0-98 

1-40 

J  hour  elapses 

0-76 

0-80 

loG 

1-60 

0-70 

0-8G 

1  oG 

1-60 

0-74 

102 

1-4G 

Infundin 

0G6 

114 

1-32 

01  cc. 

Infundin 

1-26 

Infundin 

1-70 

0-2  cc. 

1-28 

01  ce. 

1-70 

0-74 

1-32 

]  .58 

1-46 

0<50 

1-3G 

1-7G 

1-34 

0-44 

1-32 

1-7G 

116 

0-60 

1-34 

Infundin 

104 

0-64 

1-32 

01  cc. 

110 

0-68 

1-30 

1G4 

110 

0-78 

1-32 

1-9G 

100 

0-82 

1-34 

1-8G 

0-88 

0-96 

1-26 

1-68 

0-98 

104 

1-4G 

0-98 

1-32 
1-32 
1-2G 
1-20 


Vagal  stimulation  was  ivithout  effect  upon  the  heart  during  these  observations. 

T.\BLE  III. 

The  influence  of  pituitary  extract.'!  upon  coronary  inflow  (adrenallscd  vessels). 
Inflow  in  CCS.  per  minute  for  successive  minutes. 


E. 


H. 


I. 


Perfusion     pressure     in 
cms.  H.O 


Rhythmic  stim.  per  min. 


0-66 

0-76 

0-26 

0-4G 

0-32 

0-66 

0-64 

0-26 

0-44 

0-26 

Pituitrin 

0-68 

0-26 

0-44 

0-26 

0-3  cc. 

Infimdin 

Infundin 

Iixfimdin 

Infundin 

0-81 

01  cc. 

0-1  cc. 

0-1  cc. 

01  cc. 

0-97 

0-88 

0-28 

1-60 

0-60 

1  03 

0-G2 

0-4G 

1-4G 

0-88 

1  09 

IGO 

0-84 

1-36 

MS 

1-OG 

1-4G 

0-88 

1-34 

1-38 

1(11 

1-46 

1-28 

1-3G 

Ml 

1  o2 

1-2G 

1-38 

MG 

l-.i2 

112 
11 -> 

1  -.50 
104 

lOG 

1-36 
1-38 
1-38 
1-38 
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Vcrschiniu-®  has  brought  forward  evidence,  based  upon  the  change  in 
rliythm  of  the  frog's  heart,  that  atropine  and  pituitary  extract  act  antago- 
nistically, the  extract  directly  stimulating  vagal  nerve  endings.  In  the 
tortoise  this  would  increase  the  flow  by  dilating  the  vessels,  and  the  smaller 
increase  in  flow  after  atrojaine  may  be  due  to  the  loss  of  tliis  effect.  The  fall 
in  general  blood  pressure  which  occurs  after  injecting  pituitary  extract, 
accompanied  as  it  is  by  little  or  no  change  in  the  force  and  by  none  in  the 
rate  of  the  rhythmically  driven  ventricle,  indicates  that  the  blood  vessels 
generally  are  dilated. 

Aceiyl-choline. 

The  effect  of  introducing  acetyl-choline  into  the  mammalian  curculation 
has  been  extensively  studied*'  ^'  *''  '"'  ^^.  Past  observers  find  in  general 
that  apart  from  its  action  upon  the  heart,  upon  which  organ  it  acts  as  a 
vagal  stimulant,  it  definitely  dilates  the  peripheral  vessels  ;  it  lowers  blood 
pressure  when  the  cardiac  action  is  so  slightly  weakened  as  to  have  a 
neghgible  effect.  In  the  frog  {R.  esculenta)  Koln  and  Pick'"  noted  a  con- 
striction of  the  leg  vessels  when  these  were  perfused  with  Ringer  solution 
to  which  acetyl-choline  had  been  added.  Krogh^",  on  the  other  hand,  was 
able  to  show  a  powerful  dilator  effect  upon  arteries  of  all  sizes  when  acetyl- 
choUne  was  applied  in  drops  on  the  skin  of  R.  temporaria,  an  observation 
also  reported  by  Doi'"  for  the  same  animal.  Very  few  observations  appear 
to  have  been  made  upon  the  coronary  artery.  Eppinger  and  Hess'^,  using 
isolated  strips  of  the  mammalian  coronary  artery,  found  that  acetyl- 
choline produced  constriction. 

Direct  observation  of  the  artery.  Arteries  directly  observed  under  the 
microscope  in  the  intact  and  rhythmically  beating  heart  were  seen  definitely 
to  dilate  and  the  blood  flow  to  increase  witliin  a  minute  or  two  after  a  drop 
of  acetyl-choUne,  of  a  strength  of  1  in  10,000  or  20,000,  was  placed  upon 
them.  The  action  persisted  for  30  minutes  or  longer,  and  was  very  similar 
in  degree  to  that  seen  after  applying  pituitary  extracts  locally.  If  the 
vessels  were  previously  constricted  by  adrenalin,  acetyl-choline  locally 
applied  to  the  constricted  vessels  opens  them  up  within  a  minute  or  two. 
Arteries  of  all  sizes  reacted  equally  well. 

The  general  blood  pressure  was  measured  in  one  tortoise.  The  injection 
of  0-2  cc.  of  1  in  2,000  solution  acetyl-choline  lowered  the  blood  pressure 
quickly  from  20  mm.  Hg.  to  8  mm.  Hg..  Within  15  minutes  the  blood 
pressure  was  again  20  mm.  Hg..  The  heart  was  driven  throughout  by 
rhythmic  break  shocks  and  the  ventricular  systoles  recorded  ;  no  change 
was  seen  in  the  ventricular  systoles  during  this  observation. 

Perfusion.  Small  amounts  of  acetyl-choUne  in  a  strength  of  1  in  20,000* 
were  introduced  into  the  tubing  carrying  the  perfusion  fluid  to  the  coronary 

*  A  solution  of  u-0  lugins.  of  acetyl-choline  chloride  in  1  cc.  of  ab.solute  alcohol  was  dilutee^ 
as  desired  with  Ringer's  solution  and  used  fresh  at  each  injection. 


CORONA  It  Y     ART  E  R  I  E  S  . 


291 


292 


,7 .     J .     SUMBAL. 


artery  in  three  tortoises.  The  constant  reaction  is  an  immediate  and 
shght  increase  in  coronary  inflow  ;  the  reaction  lasts  about  5-G  minutes, 
after  wliich  the  original  inflow  is  again  restored  (Table  IV). 

The  auricular  systoles  were  tliminished  by  the  injection,  the  systoles 
of  the  ventricle,  responding  to  rhythmic  break  shocks,  remaining  unchanged. 
In  Fig.  2  is  shown  a  record  of  an  injection  of  000001  mgm.  of  acetyl-choUne 
into  the  perfusion  fluid.  The  coronary  inflow  at  the  beginning  is  0-74  cc. 
per  minute,  immediately  after  the  injection  it  rises  to  10  cc.  per  minute, 
and  v^dthin  7  minutes  the  original  rate  of  inflow  is  again  restored.  The 
ventricle,  driven  by  rhythmic  shocks  at  23  per  minute,  remains  unchanged 
throughout,  while  the  auricular  sy.stoles  are  cUminished  coincident  with  tlie 


TABLE  IV. 

T/ic  infhtence  of  acetyl -rholine  chloride  upon  coronary  injluif. 
Inflow  in  as.  per  minute  for  successive,  minutes. 


X. 


Perfusion    pressure     in 
cms.  H,0 


Rhythmic      stijii. 
minute 


23 


1  -OS 

102 

O-iJO 

Ac.  Cli.  0-2  IT. 

1  in  200,000 

102 

1-20 

l-2tj 

1  08 

0-96 

0-84 

0-80 

Ac.  Ch.  01  cc. 

1  in  20.000 

0-82 

1-02 

114 

1-OU 

0'.)4 

000 

0-80 

0-S() 

0-82 

Ac.  Ch.  0-2  cc. 

1  in  20,000 

0-82 

l:i2 

I  •:!(■, 
11(1 
loo 

0-0(i 
1-04 
I-OO 


0-72 

0-78 

0-74 

Ac.  Ch.  0-2  cc. 

1  in  20,000 

0-80 

0-9(j 

100 

0-98 

0-88 

0-82 

0-80 

0-72 

0-78 

0-7() 

0-7« 

0-76 

0-76 

0-7() 

Ac.  Ch.  0-2  cc. 

1  in  20.000 

0-88 

0-94 

0-9O 

0-82 

0-80 

0-82 


1-00 

Atropine 

0-94 

01  mg. 

0-94 

0-96 

Ac.  Ch.  01  cc. 

0-94 

1  in  20,000 

0il4 

0-98 

0-94* 

1-72 

Ac.  Ch.  0- 1  cc 

1-84 

1  in  20.000 

1-58 

0-96 

1-28 

0-94 

116 

0-96 

1-04 

0-94 

0-96 

0-88 

0-96 

0-88 

0-92 

0-88 

0-82 

0-92 

0-90 

0-88 

0-86 

0-94* 

0-96 

0-96 

Atropine 

Ac.  Ch.  01  cc 

01  mg. 

1  in  20,000 

0-96 

0-88 

106 

0-90 

1-20 

0-86 

116 

0-92 

M2* 

0-90 

1-20 

Ac.  Ch.  01  cc. 

1  in  20,000 

1-24 

i-2i; 

lL>2 

Vagal  stimulation  without  el'l'ect  upon  the  heart, 
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acceleration  of  the  coronary  inflow.  In  three  tortoises,  an  increased  inflow 
having  been  obtained  after  an  injection  of  acetyl-choUne,  atropine  sufficient 
to  paralyse  completely  the  vagal  nerve  endings  was  given.  Subsequent 
injections  of  acetyl-choline  had,  under  these  circumstances,  no  effect  either 
on  the  inflow  or  on  the  auricular  systole.  The  results  of  acetyl-choUne 
injections  are  given  in  Table  IV. 

Acetyl-choline  constantly  cUlates  the  coronary  vessels,  the  degree 
being  similar  to  that  seen  in  the  best  examples  of  vagal  stimulation.  As  its 
action  is  completely  abolished  by  atropine  it  may  be  said  to  exert  its  eft'ect 
entirely  upon  the  vagal  nerve  enchngs.  The  lowering  of  blood  pressure,  which 
is  protluced  by  an  injection,  though  the  ventricular  rate  and  systole  he 
nuiintained  unchanged  would  indicate  that  in  the  tortoise,  as  in  the  mammal 
and  frog,  acetj'l-choline  is  a  general  vasochlator. 

Histatnhie. 

The  influence  of  histamine  ujion  the  arterial  system  in  mammals  has  been 
carefully  investigated  by  Dale  and  his  co-workers'^  '■  *.  They  find  that  the 
reaction  varies  in  different  species.  In  the  cat,  dog,  fowl  and  monkey,  the 
blood  pressure  is  lowered,  the  cardiac  rate  and  ventricular  systole  being 
slightly  augmented  at  the  same  time.  This  fall  of  blood  pressure  iji  the  cat 
is  brought  about  by  dilatation  of  the  caiJillaries,  the  arterioles  being  sUghtly 
constricted  at  the  same  time.  In  the  rabbit  and  guinea  jaig,  however,  a  rise 
of  blood  pressure  is  generally  seen,  consequent,  so  it  is  beUeved,  upon  the 
arteriolar  constriction  not  being  associated  with  a  dilatation  of  the 
capiflaries.  Doii",  u.sing  the  frog,  found  the  web  vessels  to  dilate  after  an 
intravenous  injection,  but  Krogh^i  has  been  unable  to  obtain  any  certain 
evidence  of  dilator  activity  either  when  injecting  the  drug  into  the  web  or 
when  applying  it  to  the  surface  ;  while  Dale^  reports  a  small  rise  of  blood 
pressure  after  an  injection  into  the  general  circulation.  With  regard  to 
the  coronary  system,  Dale*  has  shown  in  a  perfused  rabbit's  heart  that  the 
coronary  outflow  is  lessened  after  the  introduction  of  liistamine,  the  cardiac 
rate  and  systole  being  increased  at  the  same  time.  Rabe^*  has  been  unable 
to  determine  any  constant  change  to  histamine  in  the  coronary  outflow  in 
the  cat,  both  increase  and  decrease  being  recorded.  Dale's  observation, 
however,  has  been  confirmed  by  Krawkow^'*. 

Direct  observation  of  the  artery.  When  a  small  artery,  either  on  the 
pulmonary  artery  or  coursing  in  the  ventricle,  was  observed  in  the  intact 
heart  responding  to  rhythmic  stimulation,  and  a  drop  of  1  in  30,000  solution 
of  liistamine*  was  placed  upon  it,  the  vessel  quicklj^  cUlated  and  the  blood 
flow  increased.  The  reaction  occurred  witliin  two  minutes  and  passed  off 
in  about  half-an-hoiu-.     Vessels  previously  constricted  by  adrenahn  were 


*  Dilution  of  histamine  base  ;    Burroughs,  Wellcome  and  Go's.  Ergamine  acid  phosphate 
being  used. 
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quickly  dilated  by  a  local  application  of  liistamine.  Arteries  of  all  sizes 
were  equally  affected  but  no  definite  opinion  could  be  formed  as  to  the 
action  upon  the  capillaries.  In  one  experiment  the  injection  of  0-4  cc.  of 
1  in  30,000  liistamine  into  the  blood  stream,  lowered  the  general  blood 
pressure  from  34  mm.  Hg.  to  16  mm.  Hg.  ;  while  in  a  second  experiment  the 
same  dose  lowered  it  from  20  mm.  Hg.  to  6  ram.  Hg.,  the  original  blood 
pressures  being  restored  later.  In  both  experiments,  the  heart  was  driven 
rhythmically  by  means  of  break  shocks,  and  the  ventricular  systoles 
recorded  ;   no  change  in  ventricular  systole  was  seen  after  the  injection. 

Perfusion.  In  two  tortoises,  injections  of  liistamine  were  made  into 
the  perfusion  fluid.  In  both  cases,  either  with  a  strong  dose  (1  cc.  of  a  1  in 
3,000  solution)  or  with  a  weaker  dose  (0-2  cc.  of  a  1  in  30,000),  the  coronary 
inflow  was  immediately  increased,  difference  in  degree  being  alone  noted. 


.  3  (  X.5/1 1).  Tortoise  X.  Effect  upon  coronary  inflow  of  iiifrodncing  0-2  cc.  of  a  I  in  :10,000 
solution  of  liistamine  into  perfusion  fluid.  Perfusion  pressure  =  45  cms.  H^O.  Time  marker 
=  5  sees. 


The  reaction  was  usually  shghtly  delayed,  lasted  about  five  minutes,  after 
which  the  original  rate  of  inflow  became  restored  (Table  V).  In  Fig.  3  is  a 
record  of  an  injection  of  0-2  cc.  of  liistamine  of  1  in  30,000  dilution  ;  at  the 
beginning  of  the  record  the  inflow  amounts  to  0-68  cc.  per  minute ;  about 
1  minute  after  the  injection  the  inflow  is  increased  to  1-5  cc.  per  minute, 
the  original  rate  of  flow  being  restored  in  about  4  minutes.  The  ventricle 
was  driven  rliythmically  throughout  at  a  rate  of  24  per  minute,  and  the 
ventricular  systoles  show  a  shght  augmentation  at  the  end  of  the  record  ; 
this  effect  is  inconstant,  however.  The  auricular  beats  remain  unchanged 
tiiroughout.  In  two  tortoises  sufficient  atropine  was  injected  to  paralyse 
completely  the  vagal  nerve  endings  ;  the  reaction  to  histamine  remained 
unchanged. 
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Histamine  is  found  constantly  to  dilate  the  coronary  vessels  and  acts 
equally  well  upon  the  larger  or  smaller  vessels.  Its  dilator  action  is  un- 
affected by  previous  atropinisation,  and  is  consequently  not  due  to  vagal 
stimulation.  The  fall  of  blood  pressure  con.sequent  upon  an  injection  into 
the  general  circulation  indicates  a  general  vasodilatation,  the  ventricuiar 
rate  and  systole  being  maintained  unchanged. 


TABLE  V. 

The  influence  of  histamine  upon  coronary  inflow.     Inf/ow  in  cc>i.  prr  minute  for  sttcce.i.'iive  minutes. 


Tortoise... 

W. 

X. 

X  contd. 

Z. 

W. 

Perfusion     pressure     in 

cms.  HjO        

45 

45 

45 

45 

Rhytlimic      stbn.      per 

minute 

2.) 

24 

23 

25 

0-56 

0-6G 

Histamine 

Atropine 

1-00 

0-.56 

0-7(> 

01  cc.  1  in 

0-1  mg. 

1  -00 

0-56 

0-G8 

30,000 

1-oe 

.'\tropine 

Hiistamine 

Histamine 

0-98 

1-76 

0-1  mg. 

1  cc.  1  in 

0-2  cc.  1  in 

1-22 

1-68* 

100 

30,000 

30,000 

lOG 

1-06 

0-9G 

056 

0-84 

0-78 

Histamine 

0-98* 

1-12 

l-,-)0 

0-7(i 

I  cc.  I  in 

Histamine 

1-S2 

1-21 

0-70 

30,000 

I  cc.  1  in 

1-80 

OSC) 

0-78 

114 

3,000 

1-52 

0-80 

0-78 

1-38 

100 

1-3S 

0-96 

0-7G 

200 

0-8G 

l-2(; 

0i)4 

0-70 

2-16 

110 

1-22 

0-90 

0-72 

2-20 

lo4 

112 

0-88 

216 

1-56 

114 

0-86 

2  12 

1-56 

lOU 

Hi.stamine 

200 

1-46 

10(i 

0-2  cc.  1  in 

200 

1-24 

104 

30,000 

202 

MO 

104 

lis 

204 

110 

104 

1-42 

5  minutes 

104 

MG 

elapse 

5  minute.s 

0-92 

1-88 

MO 

0-SG 

184 

110 

0-8S 

Histamine 

0-88 

1  <c.  1  in 

0-88 

30.000 

0-86 

1-38 

0-84 

184 

0-90 

1!IH 

0-84 

1-74 

0-84 

i:is 

0-88 

114 

I  114 

Mill 

X'agiil  stimulation  without  effect  upon  the  lieart. 
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Conclusions. 

The  coronary  arteries  of  the  tortoise  are  constantly  dilated  by  pituitary 
extracts,  acetyl-choline,  and  histamine.  This  reaction  occurs  whether  the 
substance  is  applied  locally  to  the  superficial  coronary  arteries  in  an  intact 
heart  beating  at  constant  rate,  or  is  added  to  Ringer's  solution  used  to  perfuse 
the  coronary  vessels. 

Full  atropinisation  of  the  tortoise  abolishes  the  vasodilator  action  of 
acetyl-chohne,  decreases  in  sUght  degree  the  dilatation  produced  by  pituitary 
extracts,  but  lias  no  effect  upon  the  histamine  dilatation. 

The  general  blood  pressure  is  lowered  by  each  of  the  substances  when 
these  are  introduced  into  the  general  circulation  ;  this  happens  even  if  the 
ventricular  rate  is  maintained  constant.  The  ventricular  systole  is  slightly 
weakened  by  pituitary  extracts,  occasionally  augmented  by  histamine,  and 
unaffected  bj'  acetjd-choUne. 

My  grateful  acknowledgments  are  due  to  Dr.  A.  N.  Drury,  wlio  has  given 
me  material  assistance  in  these  ol)servations. 
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THE    INFLUENCE    OF   CIRCULATORY    DISTURBANCES    ON    THE 
GASEOUS   EXCHANGE   OF  THE   BLOOD. 

v.— THE    BLOOD    GASES    AND    CIRCULATION    RATE    IN 
H  YPERTH  YR  OIDISM. 

By   H.   ^^'HITRIDGE  DAVIES,  JONATHAN  MEAKINS  and 
JANE   SANDS. 

(From  the  Department  of  Therapeutics,   University  of  Edinburgh.) 

In  liyperthyroiclism  there  are  signs  wliich  indicate  a  disturbed  cardio-vascnlar 
system.  The  most  obvious  of  these  are  tachj-cardia  under  resting  conditions 
and  pronounced  increase  of  heart  rate  with  dys^JncBa  on  exertion.  These 
responses  also  occur  in  normal  peoj^le  on  physical  exertion,  although  the 
amount  of  effort  necessary  to  induce  them  in  hj'perth\Toidisra  is  much  less. 
In  view  of  the  well-established  fact  that  in  hyperthj-roidism  there  is  a 
conspicuous  increase  in  the  basal  metabolic  rate,  it  .seemed  of  importance 
to  determine  what  changes  might  occur  in  the  gaseous  exchange  of  the 
blood  and  the  general  circulation  rate.  Hyperthyroidism  is  peculiar  in  being 
the  only  concUtion,  other  than  the  physiological  state  of  the  body  under 
exercise,  in  which  there  is  an  increased  metaboUsm  and,  seemingly,  an 
overacting  circulatory  sj'stem.  For  the  purpose,  thirteen  cases  of  exophthalmic 
goitre  and  two  cases  of  toxic  adenoma  of  the  thjToid  have  been  investigated 
and  in  six  of  these  cases  a  comparison  has  been  instituted  between  the 
condition  before  and  after  partial  thyToidectomy.  The  cliief  details  of  these 
cases  are  contained  in  the  protocols  at  the  end  of  this  paper. 

Gases  of  the  arterial  blood. 

In  cases  of  uncomplicated  hj'perthjToidism  it  was  found  that  the 
haemoglobin  of  the  arterial  blood  was  saturated  to  between  96-97  per  cent, 
with  oxygen.  The  values  were  obviously  in  the  upper  limits  of  normaUty, 
and  rendered  it  expedient  to  investigate  the  oxy-hjemoglobin  curves  in  these 
cases.  These  were  found  to  be  situated  shghtly  more  to  the  left  than  in 
the  average  normal  curve,  indicating  a  somewhat  heightened  capacity  of  the 
blood  to  combine  with  oxj-gen,  but  not  greater  than  has  been  recorded  of 
some  normal  bloods.     The  average  curve  lay  shghtly  to  the  left  of  that 
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rejiorted  by  Barcroft\  both  curves  corresponding  to  40  mm.  carbon  dioxide 
pressure.  It  might  suggest  the  presence  in  the  arterial  blood  of  a  slight 
degree  of  relative  alkalosis. 


TABLE  I. 

Carbon  dioxide  pressure  in  the  alveolar  air  in  case   of 
hyperthyroidism. 


Case. 

Alveolar  a 
C'0„  in  mm 

Hg. 

Remarks. 

1 

38-9 
35o 

Before  operation. 
After 

2 

38-5 
33-8 

Before 

After 

, 

3 

3.5-7 
32-8 

Before 
After 

4 

42-7 
39-2 

Before 

After 

, 

5 

376 

Before 

, 

6 

36-4 
32-9 

Before 
After 

• 

7 

41-4 

Before 

, 

8 

39-4 

Before 

, 

9 

38-6 

Before 

10 

35-4 

Mitral  stenosis. 

11 

390 

Before  operation. 

12 

39-9 

Before          ,, 

13 

400 
39-2 

Before         „ 
After 

14 

398 

Before 

15 

36-9 

Before         „ 

16 

400 

j              Myxcedema  on  th 

roid  extract. 

The  carbon  dioxide  content  of  the  arterial  blood  was  found  to  be  equal 
to  the  average  normal,  namely,  50  to  51  volumes  per  cent..  In  four  eases 
it  was  found  to  be  ^rithin  these  Umits  and  in  two  it  was  51-8  and  52-3  volumes 
per  cent,  respectively.  The  carbon  dioxide  dissociation  curves  were 
determined  to  ascertain  whether  anj'  obvious  change  in  the  carbon  dioxide 
combining  power  or  "  alkaU  reserve  "  of  the  blood  exists.  The  blood  so 
examined  was  obtained  from  the  median  basihc  or  cephaHc  veins  \\ithout 
inducing    stasis,   or  otherwise   changing   the   local   circulation.     The   blood 
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was  immediately  examined  and  every  caro  taken  to  avoid  glycolosis.  It  is 
evident  from  Fig.  1  that  the  carbon  dioxide  dissociation  curves  of  the  six 
cases  examined  fall  very  close  to  the  curve  pubUshed  by  Douglas  and  Haldane. 
Their  dissociation  curve  represents  in  our  experience  also  that  of  the  average 
normal  individual.*  Curves  pubHshcd  by  other  investigators  would  incUcate, 
however,  that  their  cm-ve  is  somewhat  to  the  left  of  the  average  normal. 
One  of  a  number  of  factors  might  depress  a  normal  curve,  and  unless  these 
are  scrupulously  avoided  curves  obtained  by  different  workers  may  not  be 
comparable.  It  may  be  taken,  therefore,  that  the  "  alkali  reserve  "  of  the 
cases  examined  falls  well  within  the  normal  Umits. 
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Fig.  1.     Carbon  dioxide  combining  power  in  cases  of  deranged  thyroid  function.     (Figures  refer 
to  number  of  case  in  protocol.) 

The  partial  pressure  of  the  gases  in  the  alveolar  air  was  determined  by 
the  Haldane-Priestley  method.  The  oxj^gen  partial  pressure  ranged  from 
103  to  110  mm.  Hg..  In  view  of  the  obvious  hyperpncea  that  was  present 
even  at  rest,  these  findings  were  considered  quite  in  accord  with  the 
increased  saturation  of  the  ox3--hoemoglobin  of  the  arterial  blood  and  the 
slight  elevation  of  the  oxy-hsemoglobin  dissociation  curve. 


*  This  is  corroborated  by  the  curves  obtained  by  Peters,  Barr  and  Rule  in  three  normal 
people.     (4.) 
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The  carbon  dioxide  partial  pressure  in  the  alveolar  air  is  shown  in  Table  I. 
It  was  found  that  the  partial  pressure  closely  approximated  to  or  was  above 
the  average  normal,  wliich  is  37-40  mm.  Hg.  before  operation,  while  after 
ojieration  it  was  uniformly  decreased  by  comparison. 

Blood  flow  per  minute.  The  minute  volume  output  of  the  heart  was 
determined  by  the  method  described  by  Meakins  and  Davies'.  It  was 
generally  found  in  these  hyperthyroicUsm  cases  to  be  increased.  After 
the  symptoms  had  subsided,  either  as  a  result  of  medical  or  surgical  treatment, 
it  was  found  that  the  minute  volume  had  decreased  to  an  approximately 
normal  level. 

The  subjects  at  the  time  of  the  determinations  of  the  minute  volume* 
were  not  under  basal  conchtions,  all  estimations  being  made  a  few  hours 
after  the  mid-day  meal  and  under  approximately  the  same  conditions  of 
rest  throughout.  It  was  impossible  to  carry  out  the  numerous  and  consecu- 
tive observations  necessary  and  at  the  same  time  to  maintain  the  patients 
under  basal  conditions.  The  minute  volumes  and  estimates  of  metabohsm 
are  set  forth  in  Table  II. 

In  general  the  decrease  of  metabohsm  coincided  with  the  reduction  in 
the  minute  volume.  In  some  cases  the  variations  were  not  pronounced 
while  in  others  they  were  conspicuous.  This  is  particularly  obvious  in 
Cases  11  and  14  in  Table  II.  A  complete  parallelism  between  the  two  in 
different  cases  could  not  be  traced.  On  the  whole,  however,  the  changes  in 
minute  volume  and  metabohsm  appeared  to  be  in  the  same  direction  and 
more  or  less  proportional. 

In  order  to  substantiate  this  conclusion  a  statistical  study  has  been  made  of  the  data  of 
Table  II.  The  average  minute  volume  is  calculated  at  7-21  litres  per  hour,  and  the  average 
calories  per  square  metre  per  hour  is  58-31.  The  standard  deviation  of  the  minute  volume 
is  1-84,  and  the  co-efRcient  of  variability  25-5,  while  the  standard  deviation  for  calories  per  square 
metre  per  hour  is  13-29,  and  the  co-efficient  of  variability  is  22-8.  The  correlation  of  minute 
volumes  and  calories  per  square  metre  per  hour  is  0-726,  "the  probable  error  being  0-044.  The 
co-efficients  of  variation  are  not  unduly  high,  especiaHy  if  one  considers  that  the  data  include 
pre-operative  and  post -operative  cases  -n-ith  conspicuous  changes  in  both  minute  volume  and 
rnetabolism.  Thus,  these  values  substantiate  the  conclusion  that  the  general  blood  flow  varies 
directly  with  metabolism. 

The  correlation  is  shown  graphically  in  Fig.  2.  This  figure  is  a  scatter  diagram  of  the  mean 
deviation  divided  by  the  standard  deviation  of  the  blood  flow  per  minute  and  the  calories  per 
square  metre  per  hour.  The  results  are  plotted  in  relation  to  each  other.  It  will  be  seen  that 
eighty-four  per  cent,  of  the  observations  fall  in  a  comparatively  narrow  zone  enclosed  by  the 
diagonal  lines. 

The  increase  of  blood  flow  (through  the  arms  at  least)  was  confirmed  by 
the  high  oxygen  saturation  of  the  venous  blood  as  obtained  from  the  median 
basiHc  vein.  Tliis  was  found  to  be  between  75  and  80  per  cent,  saturated, 
and  in  several  cases  was  as  much  as  85  per  cent,  saturated. 

*  The  minute  volume  in  this  paper  refers  to  the  volimie  of  blood  passing  through  the  heart 
per  minute. 

The  method  of  estimating  the  minute  volume  of  the  arterial  blood  by  multiplying  the  pulse 
rate  by  the  pulse  pressure  (as  determined  by  auscultation)  was  correlated  with  the  blood  flow  as 
estunated  by  the  respiratory  method.  The  correlation  was  found  to  be  0-29,  while  the  probable 
error  was  0-11.    It  is,  therefore,  evident  that  there  is  no  correlation  between  these  series  of  data. 
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TABLE  II. 
Blood  flow  per  miniile,  pulse  rate,  blood  pressure  and  metabolism  in  cases  of  thyroid  disease. 


Blood  flow 

Pulse 

Systolic 

Calories 

Blood  pressure 

Case. 

Age. 

in  litres 

rate 

output 
in  cc. 

per  sq. 
mm. 

in  mm 

Hg.. 

Remarks. 

Date. 

per  min. 

per  min. 

per  beat. 

per  hr. 

S. 

D. 

P.P. 

I 

25 

8-70 

108 

84 

54-4 







Before  operation 

10/5/23 

8-94 

104 

86 

— 

— 



— 

„              „ 

17/5/23 

4-94 

100 

49 

45-0 

125 

85 

40 

After 

19/6/23 

400 

90 

44 

42-0 

120 

85 

35 

„ 

24/6/23 

2 

26 

808 

113 

72 

60-9 

135 

75 

60 

Before  operation 

16/4/23 

6-87 

106 

65 

63-0 

— 

— 

— 

„              „ 

23/4/23 

413 

83 

51 

40-67 

— 

— 

— 

After 

23/6/23 

3 

20 

4-67 

100 

47 

48-26 

120 

85 

35 

Before  operation 

4/10/23 

6-30 

106 

60 

53-87 

120 

78 

42 

19/10/23 

5-90 

104 

48 

55-50 

— 

— 

— 

M                  „ 

22/10/23 

3-50 

94 

37 

39-69 

90 

45 

45 

After 

10/4/24 

4 

35 

9-26 

106 

87 

55-40 

— 

— 

— 

Before  operation 

4/7/23 

7-63 

90 

85 

55-34 

— 

— 

— 

„              „ 

5/7/23 

7-17 

90 

80 

54-75 

— 

— 

— 

,,              „ 

10/7/23 

8-69 

102 

85 

53-22 

140 

60 

80 

16/7/23 

5-84 

74 

.      79 

33-77 

— 

— 

— 

After            ", 

8/8/23 

5-27 

78 

68 

40-20 

135 

90 

45 

t,              „ 

21/9/23 

515 

68 

76 

38-13 

— 

— 

— 

„ 

22/9/23 

5 

18 

5-40 

108 

50 



— 

— 

— 

Before  operation 

29/9/23 

5-58 

120 

47 

52-26 

132 

80 

52 

„ 

25/10/23 

6 

37 

7-45 

1!8 

63 

72-57 

140 

84 

56 

Before  operation 

29/9/23 

6-65 

112 

59 

51-54 

142 

95 

47 

,,              ,, 

17/1/24 

6-60 

112 

59 

68-74 

135 

85 

50 

After 

7/4/24 

7 

25 

9-2 

132 

70 

71-73 

— 

— 

— 

Before  operation 

21/9/23 

8-87 

118 

75 

61-60 

— 

— 

— 

»»              >» 

27/9'23 

917 

112 

82 

61-75 

145 

55 

90 

>»              »» 

5/iO/23 

805 

104 

79 

69-98 

145 

75 

70 

„              „ 

10/10/23 

7-70 

100 

77 

69-02 

— 

— 

— 

„ 

17/10/23 

8 

22 

7-74 

110 

72 

52-76 

— 

— 

— 

Before  operation 

20/9/23 

8-40 

120 

70 

50-36 

132 

80 

52 

»»              » 

1/10/23 

7-30 

104 

70 

4302 

— 

— 

— 

))              »» 

11/10/23 

8-58 

122 

70 

65-36 

148 

90 

58 

»»              »» 

25/10/23 

6-93 

102 

68 

57-40 

140 

80 

60 

., 

14/11/23 

9 

19 

8-87 

93 

95 

— 

— 

— 

— 

No  operation 

31/5/22 

8-50 

96 

86 

— 

— 

— 

— 

„           ,, 

1/6/22 

8- 18 

95 

86 

61-37 

— 

— 

— 

.. 

20/6/22 

10 

46 

915 

83? 

110? 

59-71 







Auricular 

8/10/23 

8-68 

92? 

94? 

63-68 

— 

— 

— 

fibrillation 

9/10/23 

7-30 

92 

80 

57-20 

— 

— 

— 

Normal  rhythm 

17/11/23 

7-90 

92 

87 

63-28 

140 

90 

50 

„ 

19/11/23 

11 

18 

10-35 

160 

65 

80-32 

100 

55 

45 

Before  operation 

25/3/24 

8-47 

134 

63 

68-34 

130 

85 

45 

„ 

28/3/24 

12 

30 

11-54 

120 

96 

100-60 

145 

67 

78 

Before  operation 

24/3/24 

10-8 

108 

100 

80-78 

140 

64 

76 

,. 

27/3/24 

13 

31 

7-60 

116 

66 

56-62 

137 

98 

39 

Before  operation 

17/12/23 

7-26 

120 

60 

57-54 

140 

88 

52 

„              „ 

18/12/23 

5-46 

96 

57 

50-10 

145 

100 

45 

After 

9/4/24 

14 

35 

1000 

119 

84 

87-94 

122 

58 

64 

Before  operation 

20/12/23 

7-94 

100 

79 

74-27 

127 

50 

77 

„              „ 

21/12/23 

7-70 

102 

75 

73-94 

124 

50 

74 

,,              »» 

28/12/23 

7-66 

98 

78 

65-91 

129 

65 

64 

,. 

31/12/23 

15 

45 

6-33 

90 

70 

53-67 

185 

120 

65 

Before  operation 

17/3/24 

7-75 

100 

77 

52-32 

190 

135 

55 

.,              .. 

20/3/24 

16 

18 

4-10 

84 

49 

43-24 

— 





Post  operative 

12/6/22 

, 

4-12 

86 

48 

— 

— ■ 

— 

— ■ 

myxcederaa 

13/6/22 

19 

604 

104 

48 

40-61 







On  thyroid  extract 

14/7/22 

4-48 

96 

47 

. 





— 

17/9/23 

4-55 

97 

46 

— 

— 

— 

: 

18/9/23 
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Fig.  2.  Scatter  diagram  from  a  comparison  of  the  mean  deviations  divided  by  the  standard 
deviations  of  blood  flow  in  litres  per  minute,  and  calories  per  square  metre  per  hour  taken 
from  Table  11. 


It  will  be  noted  in  regard  to  the  output  per  heart  beat  that  there  is  some 
variation  from  case  to  case  ;  the  variation  is  greatest  in  the  estimates  of  the 
pre-operative  stage,  the  output  per  beat  always  dechning  after  operation. 
The  decline  is  attributed  to  the  diminished  requirements  of  the  circulation 
resulting  from  lower  metabolism.  A  somewhat  similar  condition  has  been 
described  by  Barcroft  and  Marshall- ;  they  found  that  the  cardiac  rate  and 
output  per  beat  both  decreased  after  jjrolonged  rest. 

The  changes  in  output  per  beat  in  Case  10  are  doubtful.  It  was  difficult 
to  be  certain  of  the  average  cardiac  rate  during  the  period  of  auricular 
fibrillation.  Although  frequent  pulse  records  were  taken  during  the  periods 
occupied  by  the  tests,  the  average  rates  obtained  were  only  approximate. 
Case  16  was  one  of  post-operative  myxoedema.  It  has  been  included  in  the 
present  series  as  it  was  found  possible  to  vary  the  basal  metabohc  rate  from 
minus  40  per  cent,  to  plus  20  per  cent..  During  the  period  when  her  circula- 
tion rates  were  estimated  her  metabolism  was  always  above  the  normal  for 
her  size  and  age. 
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Protocols  of  Cases. 

Case  1.  Female,  aged  25,  ailiDitted  April  the  18th,  1923,  complaining  of  weakness,  breath- 
lessness  and  swelling  of  the  throat  of  nine  months'  duration.  She  had  periodic  flushings  of  the 
face,  tachycardia  and  uniform  enlargement  of  the  thyroid  ;  a  pulse  rate  of  106,  thyroid  thrill, 
vigorous  pulsation  in  the  arteries.  The  heart  not  enlarged;  the  blood  pressures  were  124 
(systolic),  70  (diastolic).  Body  surface  was  calculated  at  1-49  square  metres.  Basal  metabolic 
rate  was  plus  45  per  cent..  Partial  thyroidectomy  was  successfully  undertaken  on  June  the  7th, 
1923.  Organ  found  hj'perplastic  and  not  adenomatous.  Within  a  few  weeks  the  basal  metabolic 
rate  was  reduced  to  plus  3  per  cent,  and  the  patient  has  remained  in  good  health  since.* 

Case  2.  Female,  aged  2(>,  admitted  July  the  22nd,  1922,  complaining  of  swelling  of  the 
neck  and  nervousness.  She  had  evidently  lost  considerable  weight.  Periodic  flushing,  dyspnoea, 
enlargement  of  the  thyroid,  particularly  of  the  right  lobe  and  isthmus  over  which  was  a  thyroid 
thrill  and  diffuse  precordial  pulsation  were  present.  Heart  not  enlarged.  There  was  exoph- 
thalmos and  fine  tremor  of  the  hands.  Blood  pressures  were  124  (systolic),  66  (diastolic)  ;  heart 
rate  124.  Body  surface  was  calculated  at  1-41  square  metres.  Basal  metabolic  rate  varied  from 
plus  40  per  cent,  to  plus  90  per  cent..  On  May  the  30th.  1923,  the  right  lobe  and  isthmus  of  the 
thyroid  were  removed.  The  organ  showed  diffuse  h\-perplasia  but  no  adenomatz.  Within  a 
few  weeks  the  basal  raetabohc  rate  had  returned  to  normal  and  the  patient  has  remained  in 
good  health. 

Case  3.  Female,  aged  20,  admitted  September  the  21st,  1923,  complaining  of  swelling  of  the 
neck,  palpitation  and  breathlessness  on  exertion,  and  swelling  of  the  ankles  at  night,  of  three 
or  four  years'  duration.  She  showed  pronounced  general  flushing  and  perspired  freely.  There 
was  moderate  exophthalmos,  very  fine  tremor,  and  the  heart  was  slightly  enlarged.  Heart  rate 
was  100  per  minute.  Blood  pressures  were  110  (systolic),  55  (diastolic).  Body  surface  was  cal- 
culated at  1-60  square  metres.  Basal  metabolic  rate  varied  from  plus  8  per  cent,  to  plus  70  per 
cent..  On  March  the  4th,  1924,  thyroidectomj'  was  successfully  undertaken.  The  organ  was 
hj'perplastic  but  not  adenomatous.  A  month  after  operation  the  basal  metabolic  rate  had 
returned  to  normal  and  the  patient  has  remained  in  good  health  since. 

Case  4.  Female,  aged  35,  admitted  March  the  27th,  1923,  complaining  of  a  strained  feeling 
of  the  eyes  and  dragging  of  the  lids,  swelling  in  the  neck,  and  nervousness,  of  about  three  months' 
duration.  The  thyroid  was  symmetrically  enlarged  and  there  was  a  faint  thyroid  thrill,  with 
sweating  and  general  flushing  and  little  exophthalmos.  Heart  slightly  enlarged  ;  heart  rate  130. 
Blood  pressures  were  130  (systohc),  55  (diastolic).  Body  surface  calciUated  at  1-45  square  metres. 
The  basal  metabolic  rate  varied  from  plus  27  per  cent,  to  plus  70  per  cent..  On  July  the  24th, 
1923,  thyroidectomy  was  successfully  done.  The  organ  showed  a  diffuse  hyperplasia  but  no 
adenomata  were  found.  At  the  end  of  a  month  the  basal  metabolic  rate  was  minus  19  per  cent., 
but  since  then  has  returned  to  normal  and  the  patient  has  continued  in  good  health. 

Case  5.  Female,  aged  18,  admitted  September  the  20th,  1923,  complaining  of  swelling  of  the 
neck  of  four  years'  duration.  There  was  exophthalmos,  dyspnoea  on  exertion,  tremor  of  the 
hands,  enlarged  thyroid,  particularly  the  right  lobe,  and  a  thyroid  thrill  and  systolic  bruit. 
Heart  was  moderately  enlarged  ;  heart  rate  110.  Blood  pressures  were  120  (systolic),  58  (dias- 
tolic). Body  surface  calculated  at  1-69  square  metres.  Basal  metabolic  rate  varied  from  plus 
12  per  cent,  to  plus  46  per  cent..  The  patient  developed  acute  encephalitis  lethargica  and  died  on 
November  the  28th,  1923.    No  post-mortem  examination. 

Case  6.  Female,  aged  37,  admitted  September  the  8tli,  1923,  complaining  of  goitre,  nervous- 
ness and  trembling,  of  tluree  years'  duration.  There  was  slight  exophthalmos,  uniform  enlarge- 
ment of  the  thyroid  with  a  thyroid  thrill  and  bruit,  and  vigorous  pulsation  in  the  carotids.  Heart 
was  slightly  enlarged  ;  heart  rate  114.  Blood  pressm-es  were  116  (systolic),  65  (diastolic).  Body 
surface  calculated  at  1-44  square  metres.  The  basal  metabolic  rate  varied  from  plus  25  per  cent, 
to  plus  45  percent..  On  March  the  13th,  1924,  partial  thyroidectomy  was  done.  The  organ  was 
hyperplastic  but  no  adenomata  were  found.  After  six  weeks  the  basal  metabolic  rate  was  still 
plus  21  per  cent..    Since  then  there  has  been  only  a  moderate  decrease  in  the  symptoms. 

Case  7.  Male,  aged  25,  admitted  September  the  13th,  1923,  complaining  of  nervousness, 
sweating,  and  tachycardia  on  exertion,  of  three  years'  duration,  dating  from  an  attack  of  lobar 
pneumonia,  during  which  exophthalmos  appeared  suddenly.  He  showed  pronounced  exoph- 
thalmos, fine  temper  of  the  hands,  the  thyroid  was  enlarged,  particularly  on  the  right  side.  There 
was  a  thyroid  tlirill  and  pulsation  of  the  carotids.  Heart  was  moderately  enlarged  ;  heart  rate 
90  per  minute.    Blood  pressures  were  120  (systolic),  65  (diastolic).     Body  surface  calculated  at 

*  Macroscopic  and  histological  examination  was  done  in  each  case  in  which  thyroidectomy 
was  performed. 
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1-80  square  metres.  Basal  metabolic  rate  was  plus  16  per  cent..  On  October  the  23rd,  1923, 
thyroidectomy  undertaken.  October  the  24th,  1923,  patient  died  suddenly.  The  organ  showed 
diffuse  hyperplasia  without  evidence  of  adenomata. 

Case  8.  Female,  aged  22,  admitted  July  the  30th,  1923,  complaining  of  swelling  in  the  neck, 
sleeplessness,  palpitation,  breathlessness  and  prominence  of  the  eyes  of  seven  months'  duration, 
following  an  acuto  attack  of  follicular  tonsillitis.  There  was  moderate  exophthalmos,  sUght 
tremor  of  the  hands,  uniform  enlargement  of  the  thyroid  with  a  systolic  thrill  and  bruit  over 
both  lobes.  Heart  was  moderately  enlarged  and  the  heart  rate  was  110  per  minute.  Blood 
pressures  were  140  (systohc),  70  (diastoUc).  Body  siu-face  calculated  at  1-58  square  metres  and 
the  basal  metabolic  rate  varied  from  plus  8  per  cent,  to  plus  52  per  cent..  On  November  the  16th, 
1923,  thyroidectomy  was  done.  Organ  was  found  liyperplastic  but  not  adenomatous.  One 
month  after  operation  the  basal  metabolic  rate  was  minus  1  per  cent,  and  since  tlien  the  patient 
has  remained  in  good  health. 

Case  9.  Male,  aged  19,  admitted  May  the  8th,  1922,  complaining  of  sweating,  nervousness, 
prominence  of  the  eyes  and  swelling  of  the  neck,  of  one  year's  duration.  SUglit  exopthalmos,  no 
obvious  thyroid  enlargement.  Heart  was  not  enlarged  ;  heart  rate  90  per  minute.  Blood 
pressures  were  115  (systolic),  50  (diastolic).  Body  surface  calculated  at  1-71  square  metres. 
Basal  metabolic  rate  varied  from  plus  15  per  cent,  to  plus  57  per  cent..  Patient  was  discharged 
from  hospital  without  operation. 

Case  10.  Male,  aged  46,  admitted  September  the  28th,  1923,  complaining  of  oedema  of  the 
legs  and  swelling  of  the  abdomen  of  two  months'  duration.  Six  years  previously  he  had  had 
swelling  of  the  neck,  protrusion  of  tlie  eyoa,  nervousness,  breatlilessness  and  flushing.  On  rest 
he  improved,  but  three  or  four  months  later  an  exacerbation  occurred.  He  has  liad  remissions 
and  exacerbations  during  the  past  six  years.  On  examination  he  sliowed  ortliopncea,  cyanosis 
of  face  and  hands,  moderate  exophthalmos,  uniform  enlargement  of  the  thyroid.  No  thyroid 
thrill.  Heart  was  moderately  enlarged  ;  pulse  weak  and  irregular.  There  was  mitral  stenosis 
and  aiu'icular  fibrillation.  On  treatment  with  digitaUs  and  quinidine  the  normal  rhythm  was 
established  when  the  heart  rate  was  80  per  minute.  Blood  pressures  were  160  (systolic),  93 
(diastolic).  The  body  surface  was  calculated  at  1-77  square  metres.  The  biisal  metabohc  rate 
varied  from  plus  23  per  cent,  to  plus  77  per  cent..  Patient  refused  operation  although  on  February 
the  29th,  1924,  the  basal  metabolic  rate  was  plus  77  per  cent..  The  cardiac  rhythm  was  normal, 
and  patient  stated  he  felt  perfectly  well  and  was  working  every  day. 

Case  11.  Female,  aged  18,  admitted  March  the  19th,  1924,  complaining  of  swelling  of  the 
neck  and  breathlessness  on  exertion  of  three  months'  duration.  There  was  exophthalmos,  uniform 
enlargement  of  the  thyroid,  slight  tremor  and  flushing.  The  heart  was  slightly  enlarged  ;  heart 
rate  140  per  minute.  Blood  pressures  were  128  (systolic),  90  (diastolic).  Body  surface  calculatedjat 
1-46  square  metres.  The  basal  metabolic  rate  was  plus  48  per  cent..  Lugol's  iodine,  minims'X 
tlu-ee  times  a  day,  was  given  with  pronounced  temporary  improvement.  Patient  refused 
operation. 

Case  12.  Male,  aged  30,  admitted  Januarj'  the  28th,  1924,  complaining  of  swelling  of  the 
neck,  nervousness,  protrusion  of  the  eyes,  breathlessness  and  trembling,  of  seven  months' 
duration.  There  was  pronounced  exophthalmos,  fine  tremor  of  the  hands,  the  th>Toid  enlarge- 
ment, particularly  on  the  right  side,  and  a  prouoimced  thyToid  thriU  and  bruit.  The  heart  was 
slightly  enlarged  and  there  was  a  rough  systohc  murmur  transmitted  to  the  axilla.  Heart  rate 
96  per  minute.  Blood  pressures  140  (systolic),  50  (diastolic).  Body  surface  calculated  at  1-74 
square  metres.  Basal  metabolic  rate  was  plus  54  per  cent..  Patient  was  put  on  Lugol's  iodine 
minims  X  tliree  times  a  day,  which  produced  pronounced  but  temporary  improvement,  the 
basal  metabolic  rate  being  reduced  to  plus  18  per  cent..  Operation  on  June  the  21st,  1924,  when 
the  greater  part  of  the  thyroid  was  removed.  The  organ  was  found  to  be  hypoplastic  but  not 
adenomatous. 

Case  13.  Female,  aged  31,  admitted  November  the  7th,  1923,  complaining  of  noises  in  the 
ears,  prominence  of  t}\e  eyes,  swelling  of  the  neck,  of  eiglit  months'  duration.  There  was  palpi- 
tation on  exertion,  moderate  exophthalmos,  skin  flushed  easily  and  there  was  pronounced  tremor 
of  the  hands.  Heart  was  moderatly  enlarged  and  there  was  a  systolic  murmur  heard  over  a  wide 
area  at  the  apex.  Blood  pressures  were  150  (systohc),  75  (diastolic).  Moderate  uniform  enlarge- 
ment of  thyroid.  Body  surface  calculated  at  1-45  square  metres.  Basal  metabolic  rate  varied 
from  plus  17  per  cent,  to  plus  39  per  cent..  On  December  the  18th,  1923,  thyroidectomy  was 
successfully  undertaken.  The  organ  showed  pronoimced  hj-perplasia,  but  no  adenomata.  After 
operation  the  basal  raetabohsm  fell  to  minus  five  per  cent.,"  but  after  several  months  returned  to 
plus  16  per  cent..    Since  then  it  has  not  gone  above  this  point  and  patient  is  free  of  symptoms. 

Case  14.  Female,  aged  35,  admitted  December  the  17th,  1923,  complaining  of  cough, 
swelling  of  the  neck  and  protrusion  of  tlie  eyes,  of  three  months'  duration.  On  closer  questioning 
it  was  revealed  that  for  twelve  years  she  had  been  suSering  from  increasing  nervousness  with 
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palpitation  and  dyspncoa  on  exertion  ;  also  she  was  becoming  progressively  more  emotional 
and  there  had  been  a  steady  loss  of  weight  during  this  period.  Heart  was  moderately  enlarged  ; 
heart  rate  was  130  per  minute.  Blood  pressures  were  150  (systolic),  65  (diastolic).  The  body 
surface  was  calculated  at  1'40  square  metres.  The  basal  metabolic  rate  was  found  to  vary  from 
plus  53  per  cent,  to  plus  lOS)  per  cent..  There  was  irregular  enlargement  of  both  lobes  of  the 
thyroid.  On  February  tlie  19th,  1924,  partial  thyroidectomy,  right  lobe,  was  undertaken.  The 
patient  did  well  mitil  February  the  21st,  1924,  when  auricular  fibrillation  developed,  and  she  died 
suddenly  on  February  the  22nd,  1924.  Portion  of  the  thyroid  removed  was  very  hyperplastic,  and 
contained  an  encapsulated  adenoma  about  3-5  cm.  in  diameter. 

Case  15.  Female,  aged  43,  admitted  March  the  11th,  1924,  complaining  of  tiredness,  dizzi- 
ness, palpitation,  breathlessness  and  nervousness  of  28  years'  duration.  20  years  before,  partial 
thyroidectomy  had  been  done  and  following  this  there  was  pronounced  improvement  until  six 
years  ago,  when  the  symptoms  began  to  get  gradually  worse.  In  the  neck  a  freely  movable 
round  nodule  3  cm.  in  diameter  was  found.  No  exophthalmos  and  slight  tremor.  Heart  was 
definitely  enlarged  ;  heart  rate  95  per  minute.  Blood  pressures  were  175  (systolicl,  110  (diastolic). 
The  body  siu^ace  was  calculated  at  1-66  square  metres,  and  the  basal  metabolic  rate  was  plus 
54  per  cent..  On  April  the  1st,  1924,  thyroidectomy  was  successfully  undertaken.  The  organ  was 
found  to  contain  numerous  adenomata,  but  was  not  hyperplastic. 

Ca.se  16.  Female,  aged  17,  admitted  May  the  20th,  1922,  complaining  of  breathlessness  and 
delayed  onset  of  puberty.  Right-sided  thyroidectomy  at  seven  years  of  age,  and  left-sided 
thjToidectomy  at  15  years  of  age,  had  previously  been  done.  Since  the  last  operation  patient 
had  ceased  to  grow,  and  had  become  stouter  and  asthenic.  Featm-es  were  coarse,  lips  thick,  skin 
dry,  speech  slow,  intelligence  deficient,  hands  thick,  short  and  coarse.  Heart  was  not  enlarged  ; 
heart  rate  60  per  minute.  Blood  pressures  were  90  (systoUc),  60  (diastolic).  Body  surface  cal- 
culated at  1-21  square  metres.  Basal  metabolic  rate  was  minus  40  per  cent..  On  thyroid  extract 
the  ba.sal  metabolism  increased  to  plus  20  per  cent.,  and  during  a  period  of  a  year-aiid-a-half,  it 
could  be  veiried  from  plus  20  per  cent,  to  minus  16  per  cent..  During  this  time  she  grew  2  inches, 
gained  12 J  lbs.  in  weight,  had  no  dyspncea,  and  menstruation  began  after  a  few  montlis  and 
continued  regularly.     Diagnosed  as  post-operative  myxcedema. 

Conclusions. 

1.  The  oxy-h£Emoglobin  and  the  carbon  dioxide  dissociation  curves  in 
hyperthjToidism  are  approximately  normal. 

2.  The  partial  pressure  of  carboii  dioxide  in  the  alveolar  air  is  uniformly 
higher  during  periods  of  active  hyperthyroidism  than  during  periods  when 
thyroid  function  is  relatively  normal. 

3.  The  minute  volume  output  of  the  heart  is  increased  in  proportion 
to  the  increase  of  metaboUsm,  the  two  being  closely  correlated. 

4.  The  systohc  output  per  beat  of  the  heart  decreases  after 
thjToidectomy. 
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COMPLETE   HEART   BLOCK   IN   DIPHTHERIA. 
By  H.  j\I.  iURVIN  and  R.  C.  BUCKLEY. 

{From  the  Departments  of  Infernal  Medicine  and  Pathology,  Yale   University 
School  of  Medicine,  and  the  Neiv  Haven  Hosjntal,  A^ew  Haven,  Conn.) 


Involvement  of  the  heart  has  long  been  regarded  as  iJerhajas  the  most 
ominous  of  the  grave  comphcations  which  may  arise  in  the  course  of  fliphtheria 
because  of  its  almost  certain  fatal  ending.  Observers  differ  as  to  the  exact 
cause  and  nature  of  the  cardiac  involvement,  but  there  seems  to  be  general 
agreement  that  changes  in  the  conduction  sy.stem,  as  revealed  by  electro- 
cardiograms, are  to  be  regarded  as  evidence  of  myocardial  damage  and 
usually  presage  a  fatal  issue.  The  injury  to  the  conduction  sj'stem  may  be 
revealed  chnically  through  the  famihar  picture  of  complete  dissociation  of 
auricles  and  ventricles,  with  slow  and  regular  ventricular  rate  ;  more 
commonly,  however,  in  our  experience,  the  outstanding  feature  is  a  gross  and 
complex  irregularity  of  the  heart's  rhj-thm  which  cannot  be  analysed 
clinically,  and  is  shown  by  electrocardiograms  to  dejjend  upon  profound 
changes  in  the  jmictional  tissues  and  ventricular  conduction  system.  It  is 
important  to  emphasise  at  the  outset  that  the  records  obtained  from  such 
patients  are  highly  abnormal  and  bizarre. 

A  review  of  jmst  records  has  brought  to  hght  but  few  reports  of  complete 
heart  block  in  dii^htheria.  In  a  condition  wliich  is  characterised  by  such 
complex  changes  in  mechanism  and  rh}i;hm,  we  have  felt  that  instrumental 
records  were  essential  in  diagnosis,  and  have  therefore  considered  as  proved 
cases  only  those  patients  from  whom  electrocardiograms  or  polj^graphic 
tracings  have  been  obtained.  A  summary  of  these  will  be  found  in  the 
upper  part  of  Table  1. 

In  addition  to  this  small  group  with  proof  of  the  disorder,  there  have 
been  a  few  cases  reported  which  must  be  tentatively  accejited  as  instances 
of  heart  block  because  of  the  cUuieal  picture  and  slow  ventricular  rate. 
Especially  convincing  is  the  report  of  Dunn^,  while  that  of  Allcn^  almost 
surelj'  represents  a  high  grade  partial  block  or  complete  dissociation.  The 
extraordinary  case  reported  by  Heilliecker*,  in  wliich  the  ventricular  rate 
diuing  the  seizm-es  fell  to  five  per  minute,  is  probably  to  be  regarded  as  one 
of  complete  block,  but  not  to  be  ascribed  with  certainty  to  diphtherial 
damage.     White  and  Smith^*  publish  in  their  article  three  charts  of  fatal 
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cases,  illustrating  a  fall  in  heart  rate  to  20,  25,  and  31  respectively,  and  their 
chnical  description  of  patients  with  such  low  rates  corresponds  to  that  of 
complete  heart  block  as  we  know  it  to-day.  HarcUng®  in  her  admirable 
thesis,  gives  short  accounts  of  two  patients  {Cases  373  and  711)  who  joossibly 
had  complete  block  ;  the  details  are  not  sufficient  to  make  the  diagnosis 
certain.  A  third  patient  showed  the  clinical  picture  of  complete  dissociation 
(Case  264),  and  was  regarded  as  such  by  the  author,  but  it  is  curious  that 
the  venous  pulsations  in  the  neck  were  seemingly  at  the  same  late  as  the 
ventricular  beating,  namely,  32  per  minute.  Finally,  Smith^'  mentions 
briefly  that  many  of  his  patients  had  high-grade  heart  block,  but  does  not 
give  details  of  the  clinical  course  or  post-mortem  fuidings.  Several  of  his 
pubKshed  figures  show  complete  cUssociation.  In  another  paper  he  pubUshes 
figures  illustrating  complete  block,  but  these  curves  were  taken  after 
respiration  had  finally  ceased  and  are  ascribable  to  asphyxiation  rather  than 
to  specific  involvement  of  the  conduction  system. 

A  summary  of  the  recorded  cases  of  2  :  1  heart  block,  and  of  the  jjrobable 
cases  of  complete  heart  block,  will  be  found  in  the  lower  part  of  Table  I. 

The  present  report  concerns  two  cases.  In  both  of  them  it  was  possible 
to  foUow  the  development  of  the  cardiac  changes  until  death,  and  in  one  of 
them  we  were  able  to  study  the  histological  picture  of  the  heart  and  conduction 
system. 

Case  1. 

Andrew  P.,  a  twelve  year  old  schoolboy,  was  admitted  on  December  the 
15th,  with  the  following  history  :  On  December  the  10th  he  had  a  rather 
severe  headache  and  vomited  once  after  the  evening  meal.  On  the  next 
day  he  complained  that  his  neck  was  painful  and  that  it  hurt  him  to  swaUow. 
A  phj^sician  was  summoned,  who  took  cultures  from  the  throat  and  returned 
five  hours  later  to  administer  10,000  units  of  antitoxin  intramuscularly. 
During  the  following  three  days  the  boy  vomited  frequently,  grew  steadily 
worse  until  the  evening  of  admission,  when  his  condition  apjjeared  so  desperate 
that  he  was  sent  to  the  hosjiital. 

On  admission  he  was  quite  prostrate.  The  neck  showed  a  collar  of 
diphtheritic  adenitis  and  CBdema  ;  the  tonsils  were  swoUen  and  covered  with 
a  greyish  pseudo-membrane  which  extended  on  to  the  soft  palate.  The 
heart  was  not  enlarged  ;  its  soimds  were  faint  everywhere  except  in  a  small 
area  just  below  the  nipple,  where  they  could  be  heard  clearly.  The  rhythm 
was  regular.  The  radial  pulse  was  barely  palj^able.  The  blood  pressures 
were  65  (syst.)  and  50  (diast.).  No  petechias  wei'e  to  be  seen.  The  white 
cells  numbered  25,800,  of  which  65  per  cent,  were  polymorphonuclears  and 
26  per  cent,  were  lymphocytes.  The  urine  showed  a  trace  of  albumin  and 
many  granular  casts. 

An  electrocardiogram,  taken  immediately  after  admission,  showed  a 
normal  mechanism  with  moderate  tachycardia  and  very  liigh  pointed  P 
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waves  in  leads // and ///.  The  conduction  time  was  018of  a  second.  Immedia- 
diately  after  admission,  20,000  units  of  antitoxin  were  given  intramuscularly. 
Eight  hours  after  admission,  petecliial  haemorrhages  were  seen  in  the  skin 
of  the  right  upper  arm  and  chest.  His  condition  grew  rapidly  worse  during 
the  day,  and  rUd  not  seem  to  improve  after  a  transfusion  of  250  cc.  of  blood. 
Electrocardiograms  were  taken  at  frequent  intervals  throughout  this  day, 
the  sixth  of  the  disease.  Eleven  hours  after  admission  it  was  noted  (Fig.  1) 
that  the  A-  V  conduction  time  had  lengthened  to  more  than  0-2  of  a  second, 
without  other  aijpreciable  changes  from  the  original  record.     Twelve  hours 
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later,   however,    comjDlcto   heart   block   M'as  present   (Fig.   2),   and  jiersisted 
until  death. 

On  the  morning  of  the  16th,  petechial  hsemorrhages  were  seen  all  over 
the  body,  but  the  general  condition  seemed  to  be  about  the  same.  Blood 
pressure  was  80/55.  There  was  but  Uttlc  change  during  the  day  ;  electro- 
cardiograms taken  at  intervals  of  a  few  hours  showed  increasing  disturbance 
of  intraventricular  conduction  (Fig.  3).  Late  in  the  evening  he  suddenly 
became  ashen  in  colour,  respirations  became  gasping,  and  the  pulse  could  not 
be  felt  at  the  wrist.  The  heart  sounds  were  very  feeble  and  irregular  for  a 
moment,  then  ceased. 

Comment  :  It  is  of  interest  to  note  that  cardiac  involvement  occurred 
in  this  case  despite  the  early  administration  of  antitoxin.  The  child  was 
extraordinarily  toxic  on  admission,  and  the  administration  of  a  large  dose  of 
antitoxin  at  that  time  was  \\'ithout  apparent  effect.  Clinicallj^  the  finding 
of  chief  interest  with  regard  to  the  heart  was  the  extreme  faintness  of  the 
sounds,  which  were  practically  inaudible  except  in  a  small,  sharply  locaUsed 
area  near  the  apex.  Perhaps  the  most  unusual  feature  of  the  case,  however, 
wa.s  the  persistence  of  a  rapid  ventricular  rate  in  the  presence  of  complete 
dissociation.  Calculations  from  long  strips  of  film  showed  the  auricular 
rate  to  be  110,  and  the  ventricular  rate  92  at  the  time  Fig.  2  was  recorded. 
At  no  time  after  the  onset  of  complete  block  did  the  ventricular  rate  fall 
below  80  per  minute,  and  we  were  never  able  to  ehcit  any  signs  by  which  the 
condition  of  heart  block  could  be  recognised,  even  after  we  were  aware  of 
its  presence.  This  but  serves  to  emphasise  what  we  have  long  felt  :  that 
electrocardiograms  are  essential  in  the  study  of  diphtheria  patients,  and  it  is 
only  after  an  examination  of  such  records  that  one  can  sjieak  with  confidence 
of  the  disturbed  mechanism  of  the  heart. 

Case  2. 

WilUam  P.,  a  boy  of  sixteen  years,  was  admitted  to  the  hospital  on 
August  the  2nd,  complaining  of  difficulty  in  swallowing  and  swelMng  of  the 
neck.  He  stated  that  four  days  previously  he  had  awakened  with  a  sore 
throat,  but  it  was  not  severe  enough  to  prevent  liis  going  to  work.  It  grew 
rapidly  worse  during  the  day,  and  he  returned  home  and  went  to  bed,  but 
slejjt  very  little  that  night.  The  following  morning  the  difficulty  in  swallow- 
ing was  more  pronounced  and  the  swelling  of  the  neck  greatly  increased. 
The  condition  grew  steadily  worse,  and  on  the  following  day  a  phy.sician 
diagnosed  diphtheria  and  administered  20,000  units  of  antitoxin  intra- 
muscularlj^     The  patient  was  then  sent  to  the  hospital. 

Examination  showed  a  well  developed  boy  with  conspicuous  oedema  of 
the  neck.  The  breathing  was  through  the  mouth  and  quite  noisy,  but 
neither  rapid  nor  labom-ed.  His  face  ^vas  flushed  and  sUghtly  dusky.  The 
throat  showed  a  dirty  grayish-white  membrane  covering  both  tonsils,  the 


HEART    BLOCK     IN    DIPHTHERIA.  313 

anterior  pillars,  and  part  of  the  soft  palate,  with  considerable  swelling  of  the 
entire  throat.  The  heart  was  not  enlarged,  the  sounds  were  regular  and  of 
normal  quality,  the  rate  was  80  per  minute.  No  murmurs  were  heard. 
There  was  slight  cyanosis  of  the  nail-beds. 

The  patient  was  given  16,000  units  of  antitoxin  intramuscularly  at 
once.  Cultures  and  direct  smears  from  the  throat  showed  the  presence  of 
diphtheria  bacilli.  White  cells  numbered  18,500,  with  75  per  cent, 
polymorphonuclears.  The  urine  showed  a  trace  of  albumin,  with  a  moderate 
nnmber  of  granular  casts  and  white  blood  cells  ;  these  abnormalities  jjer-sisted 
until  death.  An  electrocardiogram  taken  on  the  daj'  of  admission  showed 
a  normal  mechanism  (Fig.  4). 

The  moderate  fever  present  on  admission  decreased  gradually,  and  the 
temperature  was  normal  by  the  sixth  day.  The  membrane  in  the  throat 
rapidly  loosened  and  disappeared,  and  the  swelling  of  the  neck  subsided 
within  several  days.  The  rhythm  of  the  heart  and  its  sounds  remained 
unchanged  until  midnight  of  the  fourth  daj',  when  the  radial  pulse  was 
counted  at  fio  per  minute,  wliile  the  rate  four  hours  previously  had  been  90. 
On  the  following  morning  it  was  noted  that  the  rhjiihm  was  not  entirely 
regular,  and  that  there  was  a  peculiar  variation  in  the  intensity  of  the  first 
heart  sound,  which  had  become  faint  and  muflfled.  At  irregular  intervals 
this  sound  would  become  loud  and  clear.  Complete  heart  block,  with 
occasional  simultaneous  contraction  of  aiuicle  and  ventricle,  was  suspected, 
and  an  electrocardiogram  showed  complete  dissociation  (Fig.  5). 

On  tliis  day,  the  ninth  of  the  disease,  vomiting  first  made  its  appearance, 
and  continued  with  increasing  frequencj'  until  death.  Apart  from  vomiting  ^ 
the  chief  symptom  was  abdominal  pain,  w  hich  was  j)resent  almost  constantly. 
The  most  notable  objective  sign  w-as  the  extreme  quietness  and  lassitude  of 
the  patient,  a  .sign  which  we  have  learned  to  expect  in  practically  aU  patients 
with  cUphtherial  myocarditis. 

There  was  very  Utile  change  in  the  general  conchtioii  until  the  day  of 
death,  the  fifteenth  day  of  the  disease.  On  that  morning  the  patient  was 
quite  cyanotic,  the  extremities  were  blue  and  cold,  the  pulse  at  the  wrist 
was  barely  perceptible.  The  heart  rate  was  quite  irregular,  and  its  sounds 
faint.  It  w^as  decided  to  try  the  effect  of  atropine.  The  heart  rate  and 
rhythm  were  noted  for  about  ten  minutes,  then  1-3  mgm.  of  atropine  sulphate 
was  given  subcutaneously,  and  almost  continuous  clinical  observations  and 
electrocardiograms  made  until  death  occurred  fortj^-eight  minutes  later. 
Eight  minutes  after  the  injection,.  Cheyne-Stokes  respiration  appeared  and 
cyanosis  became  shghtly  more  intense,  but  the  heart  showed  no  significant, 
change.  During  the  ten  minutes  preceding  atropine,  the  heart  rate  had 
varied  between  48  and  80,  and  was  constantly  irregular  ;  during  the  three- 
quarters  of  an  hour  of  Ufe  after  atrojjine,  it  varied  between  56  and  90,  and 
was  constantl}'  irregular  except  for  a  short  period  two  minutes  before  death. 
Forty-eight  minutes  after  the  atropine,  he  said  that  he  felt  very  ill,  and 
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asked  to  have  his  head  raised  ;  immediately  after  spealdag  he  had  a  short 
generahsed  convulsion  and,  at  its  conclusion,  the  heart  had  stopped  beating. 

From  the  time  of  appearance  of  heart  block  until  death,  electrocardio- 
grams were  taken  several  times  a  day.  They  showed  (Figs.  6  to  11)  a 
persistence  of  the  complete  dissociation  until  the  end,  with  steadily  increasing 
disturbance  of  intraventricular  conduction  as  shown  by  change  in  the 
Q.R.S.  group.  The  short  portions  of  record  here  reproduced  were  selected 
to  show  the  changes  in  the  ventricular  complex  from  day  to  day,  and  therefore 
do  not  display  the  absolute  irregularity  in  rate  and  rhythm  which  prevailed 
during  the  last  four  days  of  life.  On  many  occasions  the  heart  rate  changed 
from  forty  or  fifty  per  minute  to  more  than  a  hundred  in  the  brief  interval 
between  recording  lead  /  and  lead  //,  and  it  was  seldom  regular  for  more  than 
thirty  or  forty  seconds. 

Autopsy,  performed  on  the  day  of  death,  was  Umited  to  an  abdominal 
incision,  so  that  an  examination  of  the  neck  organs  and  vagus  nerves  was  not 
possible.     The  heart  alone  wiU  be  described. 

Heart.  After  removal,  the  heart  was  fixed  and  preserved  by  a  mocUfied 
Jores-Klotz  method  and  kept  intact  until  there  was  opportunity  for  its 
study.  It  weighed  250  grammes  and  was  not  enlarged.  The  epicardial 
surfaces  were  moist  and  shining  except  where  multiple  liEemorrhajiic  areas  of 
pin-head  size  were  scattered  over  the  posterior  surface  of  the  left  ventricle 
and  about  the  apex  of  the  right  ventricle.  There  was  but  a  small  amount  of 
subepicardial  fat,  distributed  cliiefly  about  the  coronary  vessels.  The 
endocardial  surfaces  were  everywhere  intact  and  smooth.  The  left  branch  of 
the  A-  V  bundle  was  not  identified  grossly.  The  valve  leaflets,  cusps,  and 
chordae  tenchiige  showed  no  macroscopic  changes.  The  walls  of  the  ventricles 
seemed  normal  in  tliickness.  On  section,  the  myocardium  was  of  a  uniform 
reddish-brown  colour. 

For  microscopic  examination  the  following  blocks  were  cut  : — (a)  A 
block  containing  the  A-  V  node.  A-  V  bundle,  and  beginning  of  both  bundle 
branches.  This  was  fixed  and  embedded  in  its  entirety,  and  4,200  sections 
were  cut,  each  ten  micra  in  thickness.  Every  tenth  section  from  the  upper 
part  of  the  block  was  mounted  and  stained  with  hsematoxyhn  and  eosin  ; 
after  studying  these  preparations,  every  section  from  the  area  of  division  of 
the  bundle  into  its  two  main  branches  was  mounted  and  stained  with 
hffimatoxylin-eosin  or  Van  Gieson's  stain.  (6)  A  block  containing  the 
sino-auricular  node,  of  wliich  2,400  sections  were  cut.  Every  tenth  section 
was  mounted  and  stained  with  hrematoxylin-eosin.  (c)  Blocks  from  both 
auricles,  both  ventricles,  and  from  the  papillary  muscles  were  fixed  and 
stained  as  above.     Altogether  about  700  sections  w^ere  studied. 

The  sino-auriculnr  node.  The  sino-auricular  node  was  reacUly  identified 
in  220  of  the  240  sections  stuched.  It  was  normal  in  size  and  form.  In  all 
of  the  sections  a  moderate  number  of  small  mononuclear  cells  and  a  few 
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polynuclcar  cells  were  seen  ;  occasional  collections  of  30  to  50  small  mononu- 
clear cells  were  seen  in  the  upper  portion  of  the  node,  sometimes  in  the  nodal 
tissue  and  sometimes  in  the  auricular  tissue  at  the  peripherj'  of  the  node. 
These  collections  were  often  perivascular  in  location.  There  was  a  small 
amount  of  cellular  destruction,  evidenced  by  the  finding  of  nuclear  fragments. 
The  blood  vessels  of  the  node  and  the  adjacent  auricular  tissue  were  distended 
and  verj^  numerous.  The  muscle  fibres  contained  in  the  nodal  tissue, 
except  for  moderate  swelling,  appeared  normal  and  were  well  stained. 

The  ^4-  V  node  was  recognised  from  its  position  at  the  right  posterior 
portion  of  the  central  fibrous  body,  and  by  the  characteristic  network  of 
pale-staining,  closely  grouped,  multinucleated  fibres.  It  was  followed  in 
section  after  section  as  it  passed  through  the  fibrous  body  and  was  continued 
as  the  main  bundle  in  the  ventricular  muscle  of  the  septum.  In  many 
sections  there  were  scattered  small  mononuclear  and  eosinophile  cells. 
The  ventricular  i^ortion  of  the  btmdle  was  more  difficult  to  recognize,  but  by 
staining  every  section  it  could  be  identified.  In  that  part  of  the  bundle  just 
anterior  to  the  fibrous  body,  there  was  no  cellular  infiltration,  but  the  tissue 
was  moderately  cedematous.  Immediately  adjacent  to  this  part  of  the 
bundle,  a  most  extensive  infiltration  involved  the  septal  musculature  of  the 
right  ventricle  ;  the  process  consisted  of  cellular  foci  composed  of  about 
95  per  cent,  small  mononuclear  and  5  per  cent,  eosinophile  cells,  actually 
replacing  areas  of  cardiac  muscle.  In  addition,  a  diffuse  interstitial  in- 
filtration by  small  mononuclear  and  eosinophile  cells  was  seen,  which  increased 
in  degree  as  the  membranous  septum  M'as  approached.  The  bvindle  itself 
was  cedematous  and  showed  moderate  infiltration  mth  small  mononuclear  and 
eosinophile  cells,  but  as  the  j)oint  of  division  was  approached  focal  collections, 
similar  to  those  noted  in  the  adjacent  muscle,  replaced  parts  of  the  bundle 
fibres  and  caused  a  complete  interruption.  This  interruption  occurred  at 
the  point  where  the  right  branch  was  given  off  ;  the  origin  of  the  left  branch 
could  not  be  traced.  The  reaction  about  the  most  anterior  portion  of  the 
bundle  at  this  level,  both  in  and  adjacent  to  the  conducting  tissue,  was  very 
intense. 

Cross  sections  of  the  left  branch  were  studied  from  the  first  point  at  which 
it  could  be  identified  to  the  areas  in  which  it  thinned  out  and  was  lost  in  the 
heavily  infiltrated  suliendocardial  tissue  of  the  lower  septum.  At  its  upper- 
most level  it  was  seen  to  be  densely  infiltrated  with  small  mononuclear  and 
eosinoj:)hile  cells,  and  was  siu-rounded  by  an  irregular  wall  of  the  same  types 
of  ceUs,  which  actually  replaced  the  usual  muscle  fibres.  The  tissue  of  the 
branch  was  cedematous,  and  fibres,  where  they  were  not  replaced  by  invading 
cellular  elements,  were  swollen,  granular,  and  poorly  stained.  As  the  main 
portion  of  the  branch  descended,  the  cellular  infiltration  decreased  greatly, 
but  it  remained  very  dense  in  the  adjoining  septal  musculature.  After  its 
division  into  three  smaller  branches,  it  was  seen  that  the  smaller  anterior 
divisions  were  involved,  but  the  posterior  one  was  not.  The  surrounding 
subendocardial   involvement    of   the    septum,    both   interstitial   and   focal, 
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remained  as  extensive  as  in  the  upper  levels,  and  made  any  recognition  of  the 
left  branch  in  the  lower  sections  impossible.  It  seems  probable  that  this 
tissue  was  entirely  replaced  by  the  intense  cellular  reaction,  for  nowhere  in 
these  lower  sections  could  any  fibres  of  the  bundle  be  identified,  wliile  on  the 
opposite  side  of  the  septum  the  right  branch  was  seen  in  every  section.  No 
Purkinje  fibres  were  seen  in  any  portion  of  the  left  division,  although  sections 
through  the  septa  of  other  young  adult  hearts  show  beautifully  the  Purkinje 
fibres  in  the  lower  part  of  the  left  branch. 

The  right  branch  was  studied  in  about  300  sections.  At  its  point  of 
origin  there  was  an  extensive  cellular  reaction  which  interrupted  the  main 
bundle  and  continued  into  the  right  branch.  In  its  upper  course  this  branch 
passed  through  what  appeared  to  be  the  most  heavily  involved  portion  of 
the  septum.  From  its  beginning,  it  was  surrounded  by  and  was  the  seat  of 
a  severe  pathologic  process,  and  the  few  muscle  fibres  it  contained  were 
swollen,  vacuolated,  poorly  stained,  and  frequently  without  nuclei.  As  the 
division  was  followed  downward,  an  increase  in  the  cellular  reaction  and  in 
the  amount  of  oedema  was  perceptible.  At  its  lower  end  this  branch 
approached  the  endocardium,  under  which  the  tissue  showed  just  as  dense 
an  infiltration  as  on  the  left  side  of  the  septum. 

Sections  from  various  portions  of  the  hearl  muscle  revealed  that  no  area 
was  free  from  the  pathologic  process,  which  varied  in  degree,  being  less  severe 
in  the  auricular  tissue  than  in  the  ventricles  and  papillary  muscles.  In 
both  auricles  a  moderate  interstitial  infiltration,  largely  perivascular,  existed. 
The  ceUs  were  predominantly  small  mononuclear  in  type,  but  occasional 
eosinophile  and  polymorphonuclear  cells  were  seen.  The  tissue  was 
oedematous.  In  the  right  auricular  appendage  numerous  thrombi  were 
enmeshed  in  the  muscuh  pectinati.  Sections  of  the  right  and  left  ventricles 
presented  similar  pictures,  namely,  chfluse  interstitial  and  focal  cellular 
collections.  Some  of  these  foci  were  0-5  to  1  mm.  in  diameter  and  could  be 
seen  with  the  naked  eye  ;  examination  with  the  microscope  showed  that 
only  the  shadowy  outUnes  of  the  cardiac  fibres  remained.  The  fibres 
adjacent  to  these  areas  were  finely  vacuolated,  granular,  swollen,  poorly 
stained,  and  sometimes  possessed  no  nuclei.  The  majority  of  the  larger 
collections  of  cells  were  located  just  beneath  the  endocardium  of  the  septum, 
columnae  carnse,  and  papillary  muscles.  The  same  type  of  reaction  was  seen 
in  the  papillary  muscles,  and  was  especially  severe  in  the  septum  ;  extensive 
parenchymatous  and  interstitial  damage  was  noted  in  every  section  stuched. 

The  character  of  the  reaction  in  the  various  portions  of  the  conduction 
system  and  of  the  myocardium  is  shown  in  the  accompanying  drawings 
(Figs.  12  and  13). 

Comment  :  In  tliis  case,  as  in  the  first,  it  is  to  be  noted  that  the 
ventricular  rate  was  frequently  rapid  despite  the  presence  of  complete  heart 
block  ;  on  many  occasions  during  the  last  two  days  of  Hfe  the  rate  was  above 
100  per  minute,  although  it  was  usually  between  50  and  70  per  minute. 
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Heart  block  was  suspected  because  of  the  variation  in  intensity  of  the  first 
heart  sound  ;  with  tliis  exception,  there  was  no  definite  chnical  sign  of  the 
condition  until  the  third  day  after  electrocardiograms  had  revealed  its 
presence.  The  rate  then  fell  to  36  j^er  minute,  and  remained  at  about  the 
rate  of  40  for  most  of  one  day. 

The  irregularity  in  rate  and  rhji;hm,  which  was  such  a  conspicuous 
feature  of  the  picture,  is  not  shown  in  the  figures,  which  were  selected 
primarih'  to  illustrate  the  character  of  the  ventricular  complexes.  At  almost 
anj'  time  within  the  last  three  days  of  Hfe,  changes  in  rate  between  40  and 
120  per  minute  during  a  period  of  three  or  four  minutes,  could  be  demonstrated 
and  the  irregularity  in  rh}i:hm  was  so  high  in  grade  as  to  suggest  auricular 
fibrillation. 

The  profound  and  progressive  changes  in  the  ventricular  complexes  of 
the  electrocardiogram  are  clearly  shown  in  Figs.  6  to  11,  and  require  but  little 
discussion.  It  is  of  considerable  interest  to  observe,  however,  that  the  first 
abnormal  tracing  (Fig.  7)- indicates  not  only  complete  heart  block,  but  also 
what  may  be  interpreted  as  disturbed  conduction  along  the  right  branch  of 
the  bundle.  There  is  but  one  point  in  the  heart  at  which  a  single  lesion  could 
be  situated  to  produce  these  two  effects,  namely,  where  the  right  branch  is 
given  off  from  the  main  bundle.  It  wiU  be  recalled  that  the  only  lesion 
found  in  the  main  bundle  sufiicient  to  cause  complete  interruption  lay 
precisely  at  this  point,  and  was  apparently  the  fu'st  significant  change  in  the 
conduction  sj'stem.  The  complete  reversal  of  all  ventricular  complexes  in 
the  following  figure  (Fig.  8),  with  a  notable  increase  in  their  duration,  is 
probably  to  be  interpreted  as  indicating  progressive  involvement  of  the 
bundle  branches,  the  changes  in  the  left  now  overshadowing  those  in  the 
right.  To  a  great  extent  this  indication  of  predominant  damage  to  the  left 
branch  w'as  confirmed  by  the  histologic  findings  ;  the  lower  portion  of  the 
left  division  was  apparently  completely  destroyed,  while  the  right  branch, 
although  severely  invaded,  could  be  followed  in  all  sections. 

Only  four  of  the  nine  proved  cases  of  complete  heart  block  previously 
recorded  appear  to  have  been  submitted  to  post-mortem  examination  ; 
these  were  the  patients  of  Magnus-Alsleben,  Fleming  and  Kemiedy,  Price 
and  Mackenzie,  and  Rohmer.  In  three  of  them  the  sino-auricular  node  is 
said  to  have  been  normal,  while  in  Magnus- Alsleben's  case  no  mention  is 
made  of  this  node.  In  only  one  of  the  four  was  an  acute  inflammatory 
process  described  (Fleming  and  Kennedy),  and  in  this  it  was  confined  to  the 
A-  V  node  and  first  part  of  the  main  bundle.  In  addition  a  diffuse  and 
focal  lymphocji;ic  reaction  in  the  ventricular  muscle  and  in  the  auricular 
tissue  near  the  sino-auricular  node  occurred.  Price  and  Mackenzie  found 
no  changes  in  the  sino-auricular  node  or  the  A-  V  conduction  sj'stem,  but 
noted  extreme  degeneration  of  the  cardiac  muscle,  with  diffuse  and 
perivascular  round-cell  infiltration.  Magnus-Alsleben  found  considerable 
waxy  degeneration  of  the  bundle,  and  extensive  old  lesions  of  the  endocardium 
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in  the  region  of  the  left  branch  of  the  bundle.  Although  Rohmer  noted  in 
his  case  extensive  hyaline  degeneration  near  the  point  of  division  of  the 
bundle,  with  considerable  round  cell  infiltration,  he  did  not  consider  the 
changes  sufficient  to  have  caused  complete  dissociation.  The  present  case, 
the  fifth  reported  with  its  post-mortem  examination,  showed  far  more  severe 
and  extensive  changes  in  the  myocardium  and  in  the  conduction  system  than 
cUd  any  of  the  others.* 

Summary. 

Two  cases  of  complete  heart  block  in  diphtheria  are  added  to  the 
nine  proved  cases  collected  from  the  literature.  Electrocardiograms  in  both 
instances  showed  pronounced  and  progressive  changes  in  the  ventricular 
conduction  system. 

In  both  cases  the  electrocardiogram  revealed  the  presence  of  heart 
block  before  the  chagnosis  could  be  made  chnically  ;  in  one  of  them  the 
conchtion  would  not  have  been  suspected  at  any  time  without  such  records. 
The  ventricular  rate  was  rapid  in  both  patients,  and  in  one  was  totally 
irregular  for  several  days  before  death. 

The  autopsy  in  the  second  case  showed  extensive  changes  in  the 
myocardium,  with  profound  damage  to  the  conduction  system.  There  was 
apparently  a  close  correlation  between  the  electrocardiographic  evidence 
and  the  anatomic  findings. 


The  authors  desire  to  express  their  thanks  to  Dr.  Edwards  A.  Park  for 
permission  to  use  the  chnical  notes  of  Case  1  ;  to  Dr.  Alfred  E.  Cohn  for  his 
kindness  in  dissecting  the  heart  of  Case  2  ;  and  to  Mr.  Hemberger  for  liis 
beautiful  drawings  of  the  microscopic  sections. 


*  Two  cases  of  complete  lieart  block  were  uniiitentionallv  omitted  from  Table  I ;  those 
reported  by  Aviragnet  and  Soudier  {Archlv.  d.  malad.  d.  Cceur,  191S  XI,  241)  and  Blaclier 
(Jalirb.  f.  Kimlerhcilk.  1923,  CI,  13).  The  tracings  illustrating  2  :  1  heart  block  in  the  latter 
paper  are  too  fragmentary  to  be  convincing. 
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Fig.  !.  Case  1.  Taken  at  noon  on  sixth  day  of  disease.  Lead  II.  Shows  partial  heart  block 
with  delayed  conduction.  In  this  and  all  succeeding  electrocardiograms,  distances  between 
abscissiB  represent  10~^  volts,  and  time  is  in  fifths  of  a  second.  Rates  have  been  calculated 
from  long  strips  of  film  in  all  instances. 

Fig.  2.  Case  1.  Lead  II,  taken  twelve  hours  after  Fig.  1.  Shows  complete  heart  block,  with 
auricular  rate  of  1 10  and  ventricular  rate  of  92. 

Fig.  3.  Case  1.  Lead  II,  eleven  hours  after  Fig.  2  ;  seventh  day  of  disease.  Auricular  rate  88, 
ventricular  rate  80  and  moderately  irregvilar. 

Fig.  4.     Case  2.    Lead  II  on  admission,  fifth  day  of  disease.    Normal. 

Fig.  5.  Case  2.  Lead  II  four  days  after  Fig.  4.  Complete  heart  block,  with  auricular  rate  of 
84  and  ventricular  rate  of  53.  There  is  also  defective  conduction  along  the  right  bundle 
branch. 

Fig.  6.  Same  as  Fig.  4  ;  three  leads  of  original  record  for  comparison  with  those  following.  Normal 
electrocardiogram. 

Fig.  7.  Case  2.  Three  leads  taken  on  eleventh  day  of  disease.  Complete  heart  block  with 
probable  partial  right  bundle  branch  block. 

Fig.  8.  Case  2.  Three  leads  on  thirteenth  day  of  disease.  Note  complete  reversal  of  ventricular 
complexes  since  Fig.  7.    Complete  heart  block  and  left  bundle  branch  block. 

Fig.  9.  Case  2.  Three  leads  on  fourteenth  day.  Complete  heart  block.  Note  the  increasing 
disturbance  of  intraventricular  conduction. 

Fig.  10.     Case  2.    Three  leads  on  fifteenth  day,  before  atropine. 

Fig.  11.  Case  2.  Three  leads  thirty  minutes  after  atropine.  Extreme  distortion  of  ventricular 
complexes.     About  fifteen  minutes  before  death. 
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LOCAL   CHANGES    OF   COLOUR    IN    THE    SKIN    DEPRIVED    OP 

ITS    N0R]\L4L    BLOOD    SUPPLY;    WITH    REMARKS    ON 

LOCAL   ASPHYXIA.* 

By  Dr.  E.  P.  WOLF  (Chicago). 

{From  the   Cardiographic  Department,    University  College   Hospital 
Medical  School.) 


In  1898  Bier^  stucUed  the  meaning  of  the  so-called  "  reactive  hyperaemia  " 
which  occurs  when  the  circulation  of  a  hmb,  previously  dehvei'ed  of  blood, 
is  restored.  He  contended  that  the  active  dilatation  of  the  blood  vessels 
responsible  for  tliis  hypersemia  occurs  in  response  to  arterial  blood  entering 
the  hmb  at  the  release  ;  and  that  conversely,  the  blood  vessels  contract  in 
response  to  venous  blood.  Bier  expressed  the  view  that  the  vessels  are  in 
these  directions  sensitive  to  the  quahty  of  blood  lying  in  them,  a  sensitivity 
which  he  termed  "  Blutgefiihl."  Amongst  the  evidence  brought  forward  was 
an  experiment  on  the  arm  ;  he  produced  a  sUght  venous  congestion  in  the 
arm  by  winding  a  rubber  bandage  around  its  upper  part  and  then  abruptly 
closed  the  circulation  ;  after  a  time  the  hmb  so  treated  became  uniformly 
cyanosed  ;  in  about  15  minutes  wliite  spots  appeared  on  the  skin, 
predominately  on  the  upper  arm,  but  occurring  also  on  the  forearm  and  hand. 
These  white  spots  were  explained  as  being  due  to  contraction  of  the  vessels 
in  response  to  their  stimulation  by  venous  blood.  Recently  Carrier  and 
Rehberg^,  worldng  under  Krogh's'  direction,  have  reinvestigated  these 
spots  and  have  come  to  different  conclusions.  These  workers  believe  that 
in  the  conditions  described  by  Bier,  spots  of  two  colours  appear,  namely, 
white  and  red,  the  latter  having  an  arterial  colour  and  apjjearing  on  the  hand 
before  wliite  spots  are  seen  on  the  arm.  The  red  spots  were  found  to  be 
fairly  uniformly  distributed,  appearing  chiefly  on  the  back  of  the  hand  and 
around  the  base  of  the  thumb  ;  their  colour  and  distribution  led  Carrier 
and  Rehberg  to  conclude  that  the  spots  are  due  to  fresh  arterial  blood  passing 
into  the  arm  through  collateral  channels  in  the  bones  of  the  arm.  The 
white  spots  seemed  to  them  to  be  twofold  in  origin,  being  in  part  ascribed  to 

*  Work  undertaken  on  behfilf  of  the  Medical  Research  Council. 
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feeding  of  the  skin  vessels  with  collateral  arterial  blood,  and  in  part  to  a 
contraction  of  the  vessels  in  response  to  cold.  ICrogh  agrees  with  these 
conclusions,  and  points  out  that  the  white  sj^ots  do  not  appear  on  a  hmb 
maintained  in  water  at  36°C. 

The  present  observations  have  followed  the  same  lines,  and  in  general 
confirm  Carrier  and  Rehberg's  conclusions. 

The  method  is  as  follows  :--A  Riva-Rocci  armlet  is  placed  high  on  the 
upper  arm  and  is  pumped  to  30  mm.  Hg.  for  3  minutes.  The  veins  being 
now  engorged  at  that  pressure,  the  armlet  pressure  is  abruptly  raised  to 
200  mm.  Hg.,  thus  completely  obstructing  the  brachial  artery  and  veins  ; 
the  arm  is  now  allowed  to  hang  by  tlie  side.  The  events  which  follow  show 
much  variation  in  detail  from  subject  to  subject. 

The  red  spots. 

In  general  these  spots  appear  first,  and  witliin  2  or  3  minutes  after 
occlusion.  They  occur  \\dth  considerable  constancy  on  the  palm  of  the  hand 
and  on  the  backs  of  the  phalangeal  joints,  especially  that  of  the  index  finger. 
Occasionally  similar  spots  are  quite  distinct  over  the  wrist  and  even  on  the 
lower  part  of  the  forearm,  particularly  its  ulnar  aspect.  If  these  spots  are 
outhned  on  the  skin  when  they  first  appear,  they  are  found  to  spread 
marginally.  They  are  not  of  a  really  bright  red  colour,  though  appearing 
to  be  so  against  a  blue  background  ;  if  the  latter  is  covered  with  white 
paper,  the  spots  appear  bluish  red  when  compared  with  bright  hypersemias 
produced  on  the  control  arm.  In  repeated  observations  on  the  same  subject 
it  is  found  that  the  red  spots  ajipear  at  much  the  same  locaUties  from  hour 
to  hour  or  day  to  day  ;  though  varying  in  form  in  these  circumstances, 
the  areas  affected  are  otherwise  remarkably  constant.  The  distribution  of 
the  red  spots,  and  particularly  their  reapjDcarance  in  the  same  situation  day 
after  day,  lends  distinct  support  to  Carrier  and  Rehberg's  view  that  they 
are  fed  by  anastomosing  channels,  wliich  escape  compression  and  obstruction. 

If  fresh  arterial  blood  reaches  these  parts  of  the  slun  which  remain 
redder  wliile  the  neighbouring  skin  becomes  blue,  it  would  be  anticipated 
that  these  red  areas  would  be  warmer  than  the  blue.  This  is  found  to  be 
the  case.  Using  the  thermo-electric  couple  previously  described",  readings 
made  in  about  100  instances  and  averaged.  The  temperature  of  the  various 
areas  of  skin,  similarly  coloured,  is  variable,  and  in  comparing  red  and  blue 
areas  the  former  may  be  0-4'^C.  cooler  or  0-8°  warmer  than  the  latter  ;  it  is 
therefore  necessary  to  average  many  readings.  In  the  average  the  red  spots 
are  0-22°  warmer  than  the  surrounding  blue  sldn  (the  latter  standing  at  the 
average  value  of  25-7'^C.). 

Tliis  average  cUfference  of  temperature  is  not  great,  indicating  that  if 
fresh  arterial  blood  reaches  the  spots  the  flow*  is  relatively  small  ;  the 
bluish  tint  in  the  red  colouration  suggests  either  a  very  slow  flow  or  an 
admixture  with  asphyxial  blood. 
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The  actual  amount  of  blood  going  to  the  forearm  when  the  main  vessels 
of  the  upper  arm  are  occluded  by  an  armlet  at  high  pressure,  can  be  measured 
plethysmographically.  This  has  been  done  repeatedlj'  in  the  subject  used 
most  frequently  for  the  remaining  observations.  The  arm  has  been  inserted 
into  a  water  plethysmograph,  maintained  at  35°;  the  arm  has  been 
congested  and  the  vessels  occluded,  as  in  the  precechng  observations  ; 
subsequently  it  remains  motionless  for  10  or  15  minutes,  while  a  volume 
curve  is  ^Titteii.  The  several  observations  made  under  these  conditions 
show  that  about  16  cc.  of  blood  leaks  into  640  cc.  of  forearm  in  a  period  of 
10  minutes.  The  inflow  of  fresh  blood  is  therefore  about  0025  cc.  per 
minute  to  each  100  cc.  of  tissue  ;  this  is  not  uniformly  distributed,  but 
may  otherwise  be  compared  with  the  natural  flow  to  the  same  arm  at  a 
similar  temperature.     This  amounts  to  6-8  cc.  per  minute  per  100  ce.  of  tissue. 

Now  if  the  view  is  correct  that  the  red  spots  are  the  result  of  tliis  leakage 
of  fresh  blood  into  the  arm  by  anastomoses  in  the  bone,  and  the  observations 
previously  described  point  in  this  direction,  it  should  be  possible  to  prevent 
them  occm'ring.  If  the  ordinary  12  cm.  cuff  on  the  upper  arm  is  replaced 
by  one  of  18  cm.  width  and  this  is  adjusted  to  cover  the  whole  elbow  joint, 
plethysmographic  records  for  the  forearm  inscribe  straight  Unes.  In  these 
circumstances  no  blood  enters  or  leaves  the  arm,  and  no  red  spots  appear. 

It  is  clear  therefore  that  Carrier  and  Rehberg  are  right  in  conelucUng 
that  these  red  spots  are  attributable  to  collateral  anastomoses.  When  a 
blood  pressure  armlet  is  used  in  the  usual  fashion,  the  channels  through  the 
humerus  remain  uncompressed,  and  arterial  blood,  small  in  amount  though 
it  be,  passes  by  way  of  the  bone,  re-enters  the  main  arteries  of  the  arm  below 
the  cuff,  and  is  slowly  carried  forward  along  the  radial  and  ulnar  arteries  to 
the  wrist  and  hand,  to  show  in  the  skin  in  various  places. 


The  ivhite  spots. 

These,  in  general,  develop  on  the  occluded  arm  a  httle  later  than  the 
red.  The  inner  surface  of  the  arm  and  the  region  of  the  elbow  is  sprinkled 
with  many  small  irregularly  shaped  wliite  spots,  witliin  5  minutes.  These 
spots  have  at  first  a  diameter  of  2  or  3  cmm.,  they  grow  in  size  and  coalesce  ; 
others  ajDpear  ^^ithin  10  minutes  and  the  arm  and  forearm  are  eventually 
covered  vsith  irregular  white  patches,  these  contrasting  vividly  with  the 
background  of  blue  skin.  By  this  time  also  the  greater  part  of  the  hand 
presents  numerous  wliite  areas.  From  observation  to  observation,  in  one 
and  the  same  individual,  they  vary  in  size  and  appearance.  UnUke  the, 
red  spots,  thej^  also  vary  widely  in  their  distribution,  and  do  not  favour 
precise  skin  areas  as  do  the  former.  Any  small  area  of  the  skin  may  become 
blanched,  the  same  or  any  other  area  may  remain  unblanched  in  given 
observations  ;  a  fact  which  seems  contrary  to  Carrier  and  Rehberg's  sugges- 
tion that  collateral  feeding  plays  a  part  in  their  formation. 
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The  temperature  of  about  75  of  these  blanched  areas  has  been  taken. 
They  are  found  to  vary  from  0-5°  more  to  0-65°  less  than  the  surrounding 
slcin  temperatures,  being  on  the  average  0-26°  colder  than  the  surrounding 
skin.  The  white  spots  averaged  26-60°C.,  and  the  surrounding  blue  skin 
26-86°.  This  temperature  difference,  while  it  is  opposed  to  the  view  that 
the  white  spots  are  in  any  way  "  arterial  "  spots,  is  compatible  with  the  view 
that  they  may  be  found  as  a  reaction  to  cooUng.  Compression  of  the  elbow 
by  means  of  a  wide  cuff,  a  procedure  wliich,  as  we  have  seen,  completely 
prevents  blood  flow  to  the  arm,  has  no  apparent  influence  upon  the  develop- 
ment of  white  spots.  In  these  circumstances  they  appear  in  the  same  number 
and  have  the  same  distribution  and  varying  forms  as  when  the  narrow  cuff 
compresses  the  upper  arm. 

Effects  of  temperature.  In  room  temperatures  of  from  17-22°C.,  wliite 
spots  appearing  on  the  congested  arm  in  which  the  circulation  has  been 
stopped  by  an  armlet  placed  on  the  upper  arm,  are  very  variable  in  number 
and  distribution.  In  some  individuals  only  a  few  wliite  spots  form  in  10 
minutes,  in  others  the  arm  is  covered  with  white  spots  within  2  minutes. 
Generally  speaking,  the  cooler  the  room  the  more  numerous  are  the  white 
spots,  and  it  is  noticed  that  if  a  draught  plays  on  one  surface  of  the  arm,  more 
white  spots  appear  on  tliis  than  upon  a  surface  wliich  is  sheltered.  Changing 
the  room  temperature  in  studying  these  areas  of  blanching  is  unsatisfactory, 
the  temperature  of  the  arm  varies  independently  of  that  of  the  room.  The 
arm  therefore,  has  been  congested  and  compressed  wliile  immersed  in  water 
at  known  temperatures. 

If  temperatures  between  5°  and  32°  are  used,  wliite  sj^ots  always  appear, 
but  they  become  more  numerous  and  are  larger  as  the  temperature  scale  is 
descended. 

If  an  arm  in  wliich  the  circulation  is  at  a  standstill  is  immersed  in  water 
below  5°,  the  fingers  quickly  blanch,  and  at  0°  the  blanching  extends  over 
the  whole  hand.  Such  immersion  is  painful  if  long  continued  ;  in  immersions 
lasting  up  to  12  minutes  blanching  has  never  extended  above  the  wrist. 
The  skin  above  the  wrist  is  of  a  deep  blue  colour  and  many  wliite  areas 
pervade  it. 

If  temperatures  from  36°  to  42°  are  employed,  no  white  spots  appear 
so  long  as  the  arm  remains  immersed  ;  but  if  the  arm  is  withdrawn  and  held 
in  the  air,  they  are  seen  within  one-half  to  1  minute. 

There  is  a  critical  temperature,  Ijing  between  33°  and  36°  for  different 
individuals,  above  wliich  blanched  areas  fail  to  appear  ;  if  the  water  is  now 
cooled  0-5°  a  few  white  spots  develop.  To  illustrate  one  of  many  observa- 
tions, when  an  occluded  and  cyanosed  arm  (of  E.P.W.)  was  immersed  at 
33-4°  the  colour  remained  uniformly  blue  ;  when  the  temperature  was 
reduced  to  32-8°  three  small  areas  of  blancliing  were  seen.  With  further 
cooling  more  wliite  spots  appeared.  Sensitivity  to  shght  change  of  temperature 
may  be  seen  in  another  way.     The  arm  being  congested  and  its  main  vessels 
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occluded,  half  of  it  is  immersed  in  water  at  a  temperature  which  just  maintains 
its  uniform  colouration  ;  the  other  half  is  immersed,  across  a  partition,  in 
water  0-5°  to  00°  cooler.  Several  wliite  spots  appear  on  the  cooler  half  of  the 
arm,  and  the  more  the  water  is  cooled  the  more  numerous  become  the  white 
spots.  The  reaction  to  cooling  is  shown  by  allowing  a  stream  of  colder 
water  to  flow  down  the  side  of  the  arm  immersed  in  water  at  or  near  35°C.. 
White  spots  appear  over  the  arm  where  the  cooler  water  passes  over  it,  and 
over  that  portion  only. 

These  observations  confirm  those  of  Carrier  and  Rehberg  and  show  that 
the  temperature  experienced  by  the  arm  largely  controls  the  numbers  of 
blanched  areas,  but  it  is  evident  that  temperature  is  not  the  only  factor 
concerned,  otherwise  the  whole  arm  should  blanch  when  a  critical  temperature 
is  passed.  At  a  given  moment  the  vessels  in  certain  areas  are  ready  to 
respond  by  contracting  when  a  particular  temperature  is  reached  ;  other 
areas  fail  to  respond  similarly  at  tliis  temperature  and  will  not  respond  even 
though  much  lower  temperatures  are  experienced.  It  would,  therefore,  seem 
that  the  skin  vessels,  involved  in  this  small  territory  or  that,  are  at  a  given 
instant  in  a  very  variable  concUtion,  some  being  ready  to  respond  to  cold 
and  others  not ;  it  also  seems  clear  that  this  condition  of  responsiveness  or 
unresponsiveness  is  changeable  from  time  to  time,  since  the  same  areas  do 
not  respond  at  a  given  temjjerature  when  the  observations  are  repeated. 
Since  the  variabihty  does  not  depend  upon  feeding  from  collateral  and 
guarded  vascular  channels,  it  is  suggested  that  it  may  be  determined  by  the 
freedom  of  the  circulation  to  the  skin  area  concerned  previous  to  its  occlusion  ; 
this,  as  Ebbecke  *  ^  '  has  sho\^  n,  lacks  unifoimity  from  area  to  area,  and  from 
one  time  instant  to  another.  The  following  observations  have  been  carried 
out  to  test  tins  possibiUty. 

In  the  first  class  of  experiment  the  circulation  is  reduced  in  the  arm 
before  the  vessels  are  occluded.  This  part  of  the  arm  is  soaked  in  cold 
water  at  16°  for  five  minutes,  the  whole  is  then  congested  and  its  brachial 
vessels  are  occluded  and  the  entire  arm  held  in  water  at  33°  for  five  minutes  in 
order  to  re-warm  the  skin  ;  it  is  finally  placed  in  water  at  26°  for  10-15 
minutes  ;  in  these  circumstances  many  more  white  spots  appear  on  that 
part  of  the  arm  which  has  been  soaked  previously  in  the  cold  water  (16°C.) 
than  on  that  which  has  not  been  subjected  to  cold.  A  second  method  which 
avoids  coohng  the  arm  is  as  follows  : — the  lower  part  of  the  arm  is  congested 
for  five  minutes  (venous  pressure,  70  mm.  Hg.)  then  the  vessels  of  the  upper 
arm  are  occluded  and  the  arm  held  in  water  at  26°C.  for  ten  minutes  ;  in 
these  circumstances  many  more  white  spots  appear  on  the  lower  half  of  the 
arm  than  upon  the  upper  half. 

In  the  second  class  of  experiment  the  circulation  is  increased  in  the  arm 
before  its  vessels  are  occluded.  Thus  part  of  the  arm  is  held  in  hot  water 
(42°C.),  the  whole  arm  is  congested  and  its  vessels  occluded,  and  the  entire 
arm,  after  being  recooled  by  immersion  in  water  at  33°C.  for  five  minutes, 
is  immersed  in  water  at  26°C.  ;  no  white  spots  appear  on  the  part  previously 
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soaked  in  hot  water,  but  many  white  spots  appear  on  the  part  which  has 
escaped  this  jjreUminary  treatment.  A  second  method  has  been  used  which 
avoids  the  preUminary  heating  ;  it  is  as  follows  : — a  part  of  the  arm  is  rubbed 
until  a  portion  of  it  is  red  from  the  friction,  its  vessels  arc  then  occluded,  and 
the  Hmb  is  immersed  in  water  at  26°C.  ;  no  white  spots  appear  on  the  area 
that  has  been  rubbed,  but  many  wliite  spots  are  soon  seen  on  the  other  part 
of  the  arm.  The  results  are  the  same  whether  the  usual  cuff  is  used  on  the 
upper  arm  or  a  wider  cuff  is  placed  over  the  elbow. 

It  would  seem  that  anything  which  decreases  the  circulation  to  part  of 
the  arm  before  its  vessels  are  occluded  (i.e.,  apphing  cold  or  congesting  the 
hmb)  causes  more  white  spots  to  appear.  On  the  other  hand,  anytliing 
which  increases  the  circulation  to  part  of  the  arm  (i.e.,  appljing  heat  or 
friction)  in  the  pre-occlusion  stage,  prevents  white  spots  from  appearing, 
or  at  least  leads  to  many  fewer  white  spots  developing.  It  seems  that 
previous  cooUng  or  congestion  raises  the  subsequent  critical  temperature 
necessary  for  the  production  of  white  spots  and  that  previous  heating  or 
friction  lowers  it. 

The  experiments  described  show  clearly  that  other  factors  are  involved 
besides  skin  temperature  in  the  production  of  white  spots  on  the  occluded 
arm,  and  support  the  view  that  the  cUstribution  of  the  spots  is  controlled, 
in  some  measure  at  all  events,  by  the  local  and  varying  activity  of  the 
circulation,  in  the  skin.  It  is,  however,  impossible  to  conclude  that  the  two 
factors,  namely,  (a)  previous  state  of  the  circulation,  and  (b)  the  temperature 
of  the  sldn  at  the  time  the  white  spots  appear,  are  the  sole  governing  factors  ; 
for  as  yet  it  has  not  been  found  possible  completely  to  blanch  a  large  area  of 
skin  at  mil.  Further  factors  are  possibly  involved.  The  important  point 
to  which  the  observations  bring  us,  however,  is  this  :  the  explanation  offered 
bj'  Carrier  and  Rehberg  is  insufficient  completely  to  account  for  the  appear- 
ance of  white  spots  on  an  arm  in  which  the  circulation  is  at  a  standstill  ; 
Bier's  explanation  that  the  vessels  concerned  contract  in  response  to  a 
content  of  venous  blood  is  not  placed  out  of  court  by  their  observations, 
although,  on  the  other  hand,  it  still  remains  unproved.  It  is  still  possible 
that  his  explanation  is  in  part  correct.  It  is  contraction  of  the  capillaries 
and  venules  which  is  responsible  for  the  area  of  blanching  ;  and  the  present 
observations,  in  wliich  it  is  shown  that  a  previously  reduced  blood  flow 
favours  the  subsequent  development  of  blanched  areas  might  be  interpreted 
as  supporting  the  view  that  the  minute  vessels,  wliich  are  responsible  for  the 
skin  colour,  tend  to  contract  in  response  either  to  waste  products  collecting 
in  the  blood  or  in  the  tissue  spaces  surrouncUng  them. 

Incidentally  it  may  be  stated  here,  that  temperature  change  has 
comparatively  httle  effect  upon  the  red  spots.  They  appear  in  the  same 
regions  at  temperatures  varying  between  5°  and  42°C.  When,  however,  the 
arm  is  laid  in  water  at  0°  and  the  fingers  and  hand  blanch,  red  spots  previously 
present  vanish  in  the  general  pallor. 
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Independence  of  nervous  control.  Changes  in  sldn  colour  in  congested 
and  occluded  arms  have  been  investigated  in  two  patients  suffering  from 
sensory  nerve  lesions  of  several  years'  duration.  One  of  these  patients 
presented  a  characteristic  paralysis  of  the  muscles  and  skin  suppUed  by  the 
ulnar  nerve,  and  the  other  an  equalh'  characteristic  paralysis  of  muscle  and 
skin  supplied  by  the  median  nerve.  These  cases  have  been  referred  to  in  a 
previous  and  recent  paper ^  from  tliis  laboratory  as  instances  of  nerve 
degeneration.  More  than  sufficient  skin  of  fingers  and  hand  was  affected  in 
these  two  cases  to  render  them  suitable  for  tests.  In  both  instances,  after 
congesting  and  occluding  the  arm  vessels,  red  and  wliite  spots  appeared 
on  the  hand,  the  sensitive  and  insensitive  skin  being  equally  affected.  In 
both  cases  the  insensitive  region  had  been  outlined  ^ith  ink  on  the  skin, 
and  in  both  it  so  happened  that  single  areas  of  blanching  lay  in  jiart  on 
sensitive  and  in  part  on  insensitive  sldn.  In  the  case  of  the  red  sj^ots  which, 
as  has  been  seen,  are  attributable  purely  to  the  distribution  of  such  arterial 
blood  as  leaks  past  the  point  of  occlusion,  the  failure  of  nerve  degeneration 
to  affect  the  result  is  expected.  The  observation  is  more  important  in  the 
instance  of  the  blanched  areas  since  it  demonstrated  that  the  reaction  is 
controlled  neither  by  the  central  nervous  system  nor  by  a  peripheral  nervous 
mechanism. 

Notes  on  local  asphyxia  of  the  hands.  The  term  local  asphjxia  is  here 
used  to  indicate  a  condition  of  the  hands  in  which  they  are  cold,  moist  and 
miusually  blue.  In  the  patients  who  display  this  condition  (sometimes 
termed  acrocyanosis)  it  is  frequent  to  see  relativelj^  bright  areas  of  red  skin 
in  a  hand  otheni^ise  blue,  the  two  colours  presenting  a  vivid  contrast.  The 
condition  is  more  conspicuous  in  cold  than  iii  warm  weather.  It  is  clear  from 
the  colour  and  temperature  of  the  hands  and  from  the  sIot^ticss  with  which 
the  blood  returns  when  it  is  expressed  from  the  skin,  that  the  circulation  in 
the  skin  is  greatly  reduced.  The  blue  areas  according  to  Erben*^  and 
Parrisius^"  are  areas  in  which  the  subcapillary  venules  are  dilated  ;  it  has 
been  thought  that  spasm  of  the  deeper  veins  or  of  the  terminal  arteries,  or 
both,  may  be  responsible.  Boas^  suggests  that  this  condition  is  due  either 
to  constriction  of  the  arterioles  or  to  a  marked  dilatation  of  the  capillaries. 
Microscopic  examination  (Parrisiusi")  has  shown  that  the  blood  flow  in  the 
blue  areas  is  more  or  less  at  a  standstill  ;  in  the  red  areas  it  is  stated  to  be 
present.  Boas  states  that  the  capillaries  of  the  fingers  are  longer  and  wider 
than  normal,  often  show  many  convolutions  and  possess  a  bizarre  architecture. 
Reduction  of  the  blood  flow  and  partial  or  complete  stagnation  sufficiently 
explain  the  blue  colour  of  the  skin.  The  red  areas,  which  stand  out  by 
contrast,  are  less  easily  explained  since,  to  the  feel,  these  portions  of  the 
skin  seem  as  cold  as  the  rest. 

Observations  were  made  on  five  cases  presenting  this  condition.  The 
hands  in  these  were  mottled  when  they  entered  a  warm  room  on  a  cool  day  ; 
there  were  well  defined  blue  and  red  areas  scattered  over  the  dorsum  and 
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sides  of  the  hand,  and  the  ends  of  the  fingers  were  blue  and  white,  although 
red  spots  were  often  present  over  the  phalangeal  joints. 

In  two  cases  the  motthng  extended  several  inches  up  the  arm,  to  the 
point  where  the  rolled  sleeves  reached  ;  above,  on  the  covered  arm,  the 
skin  was  of  normal  colour.  When  the  temperatures  of  the  red  and  blue 
areas  were  tested,  it  was  found  that  the  red  sj)ots  were  shghtly  warmer  than 
the  blue  ones,  namely,  from  01°  to  0-8°,  and  in  the  average  0-25°.  The 
average  temperature  of  the  red  areas  was  21-58°  and  the  blue  21-33°,  tempera- 
tures considerably  below  those  of  normal  hands.  The  venous  pressure  in 
these  arms  was  artificially  raised  to  30  mm.  Hg.,  and  the  brachial  vessels 
were  then  occluded  by  means  of  a  blood  pressure  armlet  and  the  hands  were 
watched.  On  raising  the  pressure  to  30  mm.  Hg.,  some  of  the  red  spots 
increased  in  size,  and  upon  occluding  the  brachial  vessels  they  further 
increased  in  size,  but  no  new  red  spots  appeared.  The  difference  in 
temperature  between  the  red  and  blue  spots  also  increased,  namely,  from  the 
average  of  0-25°  to  0-56°,  the  change  was  due  to  a  shght  rise  in  temperature 
of  the  red  spots,  while  the  blue  spots  were  shghtly  colder.  When  the  elbow 
was  occluded  with  the  broad  cuff,  no  increase  in  size  or  temperature  of  any 
of  the  existing  spots  occurred,  but  if  anything,  both  decreased,  during  a 
period  of  10  minutes,  and  no  new  red  spots  were  seen.  When  the  unoccluded 
arm  was  placed  in  hot  water  at  46°C.  for  3  minutes  and  then  dried,  the  hand 
subsequently  maintained  a  uniform  pink  colour.  The  arm  was  now  con- 
gested and  the  vessels  occluded,  the  cuff  being  placed  above  the  elbow  ; 
red  spots  soon  appeared  on  the  hand,  and  these  spots  had  the  same 
distribution  as  had  those  seen  originally  on  the  mottled  hands  earher  in  the 
day.  White  spots  appeared  in  all  of  these  observations,  as  in  the  skin  of 
normal  individuals.  When  the  observation  was  repeated  and  the  vessels 
around  the  elbow  were  occluded,  no  red  spots  appeared.  These  observations 
indicate  that  the  red  areas  of  local  asphyxia  are  formed  in  the  same  way  as 
those  which  apjaear  in  hands  which  have  been  artificially  congested  and  from 
which  the  greater  part  of  the  circulation  has  been  cut  off,  namely,  by  arterial 
blood  slowly  forcing  its  way  into  the  red  territories  along  certain  selective 
paths. 

Conclusions. 

1.  The  red  spots  which  appear  in  the  hand  after  the  main  vessels  of 
the  upjier  arm  have  been  occluded  are  due  to  arterial  blood  passing  through 
anastomoses  in  the  humerus,  re-entering  the  main  vessels  of  the  forearm  and 
passing  through  these  to  the  hand. 

2.  White  spots  occurring  over  the  hand  and  arm  under  the  same 
conditions  are  due  in  part  to  a  temporary  and  special  responsiveness  to  cold 
of  the  vessels  in  the  given  territory  affected.  Cold  tends  to  produce  con- 
traction. Another  and  imj^ortant  factor  influencing  the  distribution  of 
white  spots  is  previous  and  local  conditions  of  the  circulation.     Areas  in 
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which  the  circulation  is  relatively  reduced  at  the  time  of  the  occlusion,  arc 
areas  in  which  the  minute  vessels  of  the  sldn  subsequently  tend  to  contract. 
Bier's  original  Wew  of  the  origin  of  white  spots  remains  neither  proved  not 
disproved,  though  the  evidence  as  a  whole  seems  to  favour  the  mechanism 
he  suggests  as  plajing  a  j^art  in  their  production. 

3.  In  the  average,  the  red  spots  are  warmer  than  the  surrounding 
cyanosed  skin  and'the  white  spots  are  colder. 

4.  In  local  cj'anosis  of  the  hands,  wliichis  spontaneous,  it  seems  that 
the  red  areas  which  are  mixed  with  the  blue  are  due  to  arterial  blood  forcing 
its  wa}-  slowlj'  into  these  confined  areas.  The  areas  seem  to  be  identical 
with  those  which  alone  receive  arterial  blood,  when  the  limb  is  artificially 
congested  and  its  main  vessels  are  occluded. 
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EXPERIMENTAL  STUDIES  IN  ARTERIO-VENOUS  FISTULA  : 
CARDIAC   OUTPUT. 

By  TINSLEY  R.  HARRISON,  WILLIAM  DOCK,  and  EMILE  HOLMAN. 

{From  the  Medical  Service  of  the   Peter   Bent    Brigham    Hospital,  Boston, 
and  the  Surgical  Laboratory  of  the  Medical  School  of  Harvard  University.) 


Previous  analyses  of  the  factors  producing  changes  in  the  general  circulation 
in  the  presence  of  arterio-venous  fistulse  have  led  to  confUcting  views  as  to 
the  role  played  by  variations  in  the  cardiac  output.  From  the  purely 
hydraulic  and  mechanical  points  of  view,  the  introduction  of  a  fistula 
between  artery  and  vein  should  increase  the  rate  of  flow  through  that  part 
of  the  circulatory  system  involved,  namely,  through  the  heart-artery- 
fistula-vein  circuit.  Lewis  and  Drury  demonstrated  in  certain  cases  of 
arterio-venous  anastomosis  that  the  flow  through  the  arms  and  skin* """'  ^  was 
decreased  in  the  presence  of  an  open  femoral  fistula  and  that  venous  pressure 
was  not  raised  ;  and  that  in  animal  experiments,  in  which  fistulae  of  certain 
sizes  were  estabHshed  for  seconds  or  minutes^,  neither  a  general  rise  of  venous 
pressiu^e  nor  consistent  and  demonstrable  rise  in  cardiac  output  occurred. 
Their  thesis  is  that  in  arterio-venous  anastomosis  of  these  types  the  leak 
of  blood  directly  from  artery  to  vein  lowers  mean  arterial  pressm-e,  and  that 
less  blood  consequently  flows  out  through  the  capillaries,  in  its  extent 
compensating  for  the  extra  amoimt  thrown  directly  from  artery  to  vein. 
In  these  circumstances  they  beUeve  that  the  total  effects  of  the  leak  in 
raising  venous  pressiu-e  and  cardiac  output  may  be  inappreciable  or  absent ; 
and  that  cardiac  enlargement,  occurring  in  these  conditions  is  due  to  deficient 
blood  supply  to  the  coronary  vessels.  They  also  showed  that  when  the 
anastomoses  are  larger,  rises  both  of  venous  pressure  and  carchac  output 
occur.  Since  these  observations  were  made,  additional  experimental 
studies^  of  the  effects  of  arterio-venous  aneiu'isms  on  the  circulation  have 
emphasised  the  importance  of  the  size  and  dmation  of  the  fistulse  in 
determining  the  extent  of  the  changes  in  the  general  circulation.  These 
studies  have  further  indicated  that  the  changes  are  dependent  upon  the 
factors  normally  concerned  in  the  maintenance  of  an  adequate  and  uniform 
blood-pressure.  In  experiments  designed  to  simulate  as  closely  as  possible 
cUnical  conditions,  significant  increases  in  total  blood-volume  and  pulse  rate 
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were  found.  In  the  presence  of  large  fistulae,  hypertrojihy  and  dilatation  of 
the  heart  invariably  occurred.  It  was  believed  that  these  changes  in  the 
heart  were  the  result  of  the  increased  blood  flow  through  the  heart  per  unit 
of  time,  and  an  increased  cardiac  outjjut  was  postulated  as  an  inevitable 
accompaniment  of  an  arteriovenous  fistula  of  large  size  and  sufficient  duration. 
Experimental  evidence  of  such  an  increase  is  now  presented.  Our  studies 
were  made  on  the  volume  flow  through  the  lungs  of  dogs  in  whom  arterio- 
venous fistulae,  comparable  in  size  and  duration  with  those  found  in  chnical 
cases,  had  been  estabhshed. 

Experimental  data. 

The  volume-flow  of  blood  was  calculated  by  the  Tick  method,  using  the 
minute  utiUsation  of  oxygen  divided  bj'  the  difference  in  oxygen  content  per 
cubic  centimetre  of  arterial  and  venous  blood  to  give  the  rate  of  blood- flow 
per  minute  through  the  lungs.  The  rate  of  flow  through  the  heart  is  under 
normal  conditions  the  same  as  through  the  lungs. 

The  Benedict  type  of  spirometer  was  used  to  measure  the  oxygen 
utihsation,  with  the  usual  tests  for  tightness  of  the  mask.  Blood  oxygen 
content  was  estimated  by  the  Van  Slyke  method.  Blood  was  obtained  from 
the  ventricles  of  the  heart  by  puncture  through  the  chest  wall.  Arterial 
blood  was  obtained  from  the  femoral  artery.  During  the  determinations  the 
animals  were  breathing  pure  oxygen,  and  we  found  agreement  between  the 
oxygen  capacity  of  the  blood  and  the  arterial  oxygen  content  within  the 
Hmits  of  experimental  error  (0-2  vol.  %).  In  many  of  the  determinations, 
therefore,  no  attempt  was  made  to  use  arterial  blood,  the  oxygen  capacity 
of  the  venous  blood  being  substituted.  Care  was  taken  to  aspirate  the  samples 
only  wliile  the  respiratory  cmves  were  normal  and  with  the  needle  held  in 
one  place  so  as  to  avoid  obtaining  mixed  arterial  and  venous  blood.  If 
there  was  any  struggUng  duiing  the  withdrawal  of  blood  it  was  shown  by  the 
spirometer  record,  and  the  samjile  discarded.  The  oxygen  utilisation  used 
in  the  calculation  was  that  shown  by  a  six-minute  period  recorded  while 
the  blood  was  obtained.  The  analyses  were  made  in  duphcate,  the  calcula- 
tions and  readings  checked  by  two  observers.  Morphine  was  given  to 
decrease  restlessness,  but  the  oxj^gen  utihzation  was  higher  and  more  variable 
than  under  basal  conditions  iii  dogs  trained  to  the  mask.  Otherwise  the 
conditions  were  uniform  and  normal,  permitting  comparable  observations. 

The  experiments  were  identical  in  all  four  dogs.  The  fistula  in  each 
case  was  estabhshed  under  asej^tic  conditions  by  suturing  together  the 
artery  and  vein  along  longituchnal  shts  of  varying  length.  Heahng  per 
primum  occurred  after  each  operation. 

In  every  case  there  was  a  continuous  purring  thrill  with  systolic 
intensification,  accompanied  by  a  loud  bruit  in  the  region  of  the  fistula. 
Following  the  formation  of  the  fistula  there  developed  a  conspicuous  oedema 
of  the  right  hind  leg,  together  with  an  increased  prominence  of  the  superficial 
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TABLE  I. 

The  volume -flow  of  blood  through  the  lungs  of  dogs. 

I .     Before  the  estnhlishment  of  an  arteriovenous  fistula.    2.    In  the  prexcnre  of  the  fistula. 

3.    After  the  elimination  of  the  fistula. 


1    Difference 

Dog 
No. 

Date. 

Oxygen 
absorbed 
per  min. 

in  oxygen 
content  per 

ccm.  of 
arterial  and 

Volume  flow  per  min. 

Pulse. 

Systolic 
output  per 

Total. 

Per  100  gm. 

100  gm. 

venous  blood. 

L12 

5/25 

197  ccm. 

0-041  ccm. 

4807  ccm. 

36-7  cem. 

5/30 

190 

0-040 

4750 

36-5 

On  the  s 

ame  daj',  wit 

h  the  fistula  o 

ccluded  by  pr 

essure. 

190 

0063 

3017 

23-2 

6/9    R  ight  femoral  fi 

stula,  of  15  m 

onths'    durati 

on,   eliminate 

d. 

6/10              189 

0-092 

2055 

15-8 

6/22              151 

0-068 

2220 

171 

L30 

5/27              411ccra. 

0072  ccm. 

5719  ccm. 

22-8ccm.  (Two  hours  after  feeding) 

5/29              211 

0-047 

4490 

18-0 

6/2   R  ight  femoral  fi 

stula   establis 

hed. 

6/4 

227 

.   0-027 

8406 

33-6 

80 

0-35  ccm. 

6/22 

203 

0029 

7000 

28-0 

96 

0-35 

6/24 

195 

0023 

8478 

34-0 

6/24  F  istula  excised. 

6/26               221 

0061 

3634 

14-5 

72 

0-20 

6/28              219 

0-049 

4480 

18-0 

74 

0-24 

L32 

5/28     '          166 

0049  ccm. 

3388  ccm. 

22-6  ccm. 

5/30               145 

0056 

2589 

17-3 

6/4    R  ight  femoral  fi 

stula    establis 

hed. 

6/12     ;          156 

0040 

4750 

31-6 

83 

0-38  cem. 

6/22     1         184 

0032 

5750 

38-3 

86 

0-44 

6/25     1         156 

0037 

4315 

28-8 

74 

0-38 

On  the  s  ame  dav,  fist 

ula  occluded 

by  pressure. 

156 

0-053 

2945 

19-6 

62 

0-31 

6/26  Fistula  excised. 

6/27     i          136 

0-050 

2720 

18-5 

66 

0-28 

6/29              132 

0-060 

2200 

14-6 

66 

0-22 

L33 

6/4       1          194            1      0-080  ccm. 
6  10  R  ight  iliac  fistul  a  established. 

2425  ccm. 

18-7  ccm. 

6  19               156 

0-032 

4886 

37-5 

88 

0-42  ccm. 

6/24               142 

0-031 

4580 

35-2 

92 

0-37 

6/26  F  istula  Ugated. 

6/27     1          152 

0-064 

2720 

17-5 

78 

0-22 

veins  in  the  region  about  the  right  groin,  an  invariable  accompaniment  of  a 
fistula  large  enough  to  short-circuit  much  blood.  All  the  dogs  showed  a 
slowing  of  the  pulse  on  compression  of  the  fistula. 

The  following  protocols  illustrate  our  results  and  explain  the  arrange- 
ment of  the  table  (Table  I). 

Dog  L12.  Weight  13  kgm..  A  medium-sized  fistula  between  the  right 
common  femoral  vessels  had  been  estabhshed  in  March,  1923.  In  June, 
1924,  the  volume  flow  of  blood  through  the  lungs  was  measured  twice  and 
found  to  be  36-7  and  36-5  ccm.  per  100  gm.  body  weight  per  minute.      With 
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the  fistula  obliterated  bj'  digital  compression  the  volume  flow  was  reduced 
to  23'2  ccm.  per  100  gm.  per  minute.  On  June  the  9th,  1924,  the  fistula  was 
ehminated  from  the  circulation  by  hgation  of  the  artery  and  vein  proximal 
and  distal  to  the  opening.  Following  this  hgation  the  volume  flow  was 
determined  on  two  occasions  as  being  15-8  and  17-1  ccm.  per  100  gm.  per 
minute. 

Dog  L30.  Weight  25  kgm..  The  volume  flow  was  measured  on  two 
occasions  before  estabhshing  a  fistula  2  cm.  long  between  the  right  common 
femoral  vessels,  on  June  the  2nd,  1924.  The  fistula  was  excised  on  June 
the  24tli.     The  remaining  details  are  included  in  the  table. 

Dog  L32.  Weight  15  kgm..  A  femoral  fistula  2-4  cm.  long  was  estab- 
hshed  on  June  the  4th  and  excised  on  June  the  26th. 

Dog  L33.  Weight  13  kgm..  A  fistula  1-8  cm.  long  was  estabhshed 
between  the  right  common  ihac  vessels  on  June  the  10th  and  ehminated  by 
ligation  of  the  vessels  both  proximal  and  distal  to  the  fistula  on  June  the  26th. 

The  volume  flow  determinations  are  recorded  in  Table  I.  In  three 
dogs  before  the  introduction  of  a  fistula  the  average  flow  through  the  lungs 
per  minute  per  100  gm.  bodj-  weight  was  19-9  ccm..  In  the  presence  of  a 
fistvila  the  average  flow  was  340  ccm..  Ten  determinations  were  made 
incluchng  those  on  Dog  L12  mth  a  fistula  of  15  months'  duration.  After 
the  hgation  of  the  fistula  in  each  case,  the  average  flow  fell  to  16-6  ccm.. 
The  average  systohc  output  per  100  gm.  of  body  weight  was  0-38  ccm. 
with  the  fistula  present,  0-23  ccm.  with  the  fistula  absent. 

Comment. 

It  is  evident  from  a  study  of  the  table  that  the  introduction  of  a  large 
permanent  arterio-venous  fistula  into  the  circulatory  system  may  result  in  a 
marked  increase  in  the  volume-flow  through  the  lungs  and  therefore  through 
the  heart.  We  find  that  in  dogs  with  lesions  varying  in  duration  from  one 
day  to  fifteen  months,  the  carchac  output  is  almost  doubled  as  the  result  of 
short-circmting  a  large  amount  of  blood  through  an  abnormal  communication 
between  artery  and  vein.  The  eUmination  of  such  fistulse  reduced  the 
minute  volume  flow  to  48  per  cent,  of  that  with  the  fistulae  ojaen.  Only  a 
small  part  of  this  decrease  is  explained  by  the  slowing  of  the  pulse  wliich 
accompanies  occlusion  of  the  opening  between  artery  and  vein.  The  average 
sj'stoUc  output  decreased  to  60  per  cent,  of  the  values  found  when  the 
fistulse  were  open. 

The  increased  volume  flow  and  systohc  output  thus  demonstrated 
indicate  a  great  increase  in  cardiac  effort  in  the  presence  of  these  arterio- 
venous fistulae.  If  one  accepts  the  observations  of  Kiilbs^  showing  a  50  per 
cent,  increase  in  the  heart  weight  of  yoiuig  dogs  due  to  exercise,  the  increased 
cardiac  effort  resulting  from  a  fistula  is  also  sufficient  to  produce  carcUac 
hypertrophy. 
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Summary. 

The  volume  flow  of  blood  through  the  luugs  of  dogs  has  been  calculated 
from  the  arterial  and  venous  oxj^gen  content  and  the  oxygen  utihzation  on 
different  occasions  over  a  period  of  several  weeks  during  which  time  femoral 
or  ihac  arterio-venous  fistulse  were  estabhshed  and  later  ehminated. 

The  volume  flow  was  uniformly  increased,  by  approximately  100  per  cent. 
in  the  presence  of  a  fistula  as  comj^ared  with  the  flow  prior  to  the  production 
or  follomng  the  elimination  of  the  fistula.  The  increased  cardiac  effort 
necessary  to  propel  forward  this  increased  fiow  was  sufficient  to  cause  carcUac 
hypertrophy  in  these  animals  ;  and  the  cardiac  dilatation,  which  is  frequently 
though  not  invariably,  associated,  may  also  be  explained  on  the  basis  of  the 
increased  blood  volume  flow  through  the  heart  per  minute  of  time. 
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THE    ABSORPTION    OF    FLUID    IN    CARDIAC    DROPSY.* 

By  CHARLES  BOLTON. 

(From    the    Graham.    Research    Laboratories,     University    College    Hospilnl 
Medical  School,  London.) 


The  experiments  described  below  form  the  continuation  of  a  series,  which 
have  been  pubhshed  from  time  to  time^'  ^'  ^'  *,  and  which  were  initiated  in 
order  to  study  the  succession  of  events  which  occurs  in  uncompensated 
heart  disease. 

It  is  perhaps  universally  considered  at  the  present  time  that,  although 
increased  output  of  lymph  is  the  chief  factor  concerned  in  the  production  of 
cardiac  dropsy,  nevertheless  delayed  absorption  of  fluid  plays  an  important 
part  in  assisting  the  development  of  this  condition.  AU  the  pubhshed  work 
that  I  can  find  relating  to  tliis  subject  deals  mth  absorption  from  the  con- 
nective tissue  spaces,  and  apparenth'  no  observations  have  been  made 
relative  to  the  serous  cavities.  The  mechanism  of  absorption  from  the 
serous  cavities  is,  however,  fundamentally  cUfferent  from  that  from  the 
connective  tissue  spaces  and,  therefore,  the  two  processes  must  be  considered 
quite  separately.  The  present  series  of  experiments  deals  with  absorption 
from  the  peritoneal  cavity  only,  leaving  the  other  serous  cavities  and  the 
connective  tissue  spaces  to  be  dealt  with  later. 

The  reader  is  referred  to  the  communications  mentioned  above  for  an 
accomit  of  the  details  of  the  various  methods  which  I  have  employed  for  the 
production  of  uncompensated  heart  disease  in  the  cat,  and  of  the  chain  of 
events  which  results  therefrom.  It  is  sufficient  for  the  pmrposes  of  tliis 
paper  to  state  that  the  method  selected  for  these  experiments  was  that  of 
partial  obstruction  of  the  inferior  vena  cava  above  the  diaphragm,  because 
I  had  previously  found  that  tliis  method  produces,  in  the  parts  below  the  , 
point  of  obstruction,  results  preciselj'  similar  in  kind,  and  only  varying  in 

*  The  expenses  of  this  research  liave   beau  defrayed    by  a   grant   from  the    Graham  Fund, 
University  of  London. 
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degree,  to  those  resulting  from  the  other  methods  employed,  namely,  con- 
striction of  the  pericardium  or  simultaneous  obstruction  of  the  superior  and 
inferior  venae  cavse  as  they  enter  the  heart.  It  is  also  more  rapidly  and 
easily  performed  and  the  degree  of  obstruction  can  be  more  or  less  accurately 
gauged.  In  all  the  experiments  cats  were  used.  Whatever  method  be 
employed  for  interfering  with  the  diastolic  fiUing  of  the  heart,  the  effects 
below  the  diaphragm  are  enlargement  of  the  hver  and  congestion  of  the 
portal  area,  with  the  development  of  ascites  and  commonly  oedema  of  the 
retroperitoneal  tissue,  which  rarely  extends  out  of  the  abdomen  down  the 
thighs  and  on  to  the  undersurface  of  the  abdominal  wall.  In  the  human 
subject  the  effects  of  gravity  are  evidenced  by  oedema  of  the  legs. 
The  blood  gradually  increases  in  volume  after  the  first  few  days  with 
a  resulting  increase  in  the  dropsy.  The  other  changes  do  not  call  for 
mention  here. 

From  theoretical  considerations  I  had  already  formed  the  conclusion 
that  absorption  from  the  peritoneum  of  the  ascitic  cat  must  be  occurring  at 
least  at  the  normal  rate.  At  that  time  I  considered  the  thoracic  duct  to  be 
the  main  channel  for  lymph  absorption  from  the  peritoneal  cavity,  but  from 
certain  experiments  which  I  have  recently  published  I  was  able  to  show  that 
this  is  not  the  case^.  The  part  played  by  the  thoracic  duct  in  draining  the 
peritoneum  is  a  subsidiary  one.  Fluid  from  the  peritoneum  passes  into  the 
thoracic  duct  very  slowly  and  in  quite  a  moderate  degree.  The  chief  path 
of  lymph  absorption  is  through  the  diaphragmatic  lymphatics  to  the  sternal 
and  anterior  mediastinal  glands  and  thence  to  the  right  lymphatic  duct. 
Absorption  through  these  channels  occurs  rapidly  and  the  bulk  of  the  fluid 
absorbed  passes  in  this  direction.  The  forces  giving  rise  to  the  flow  of 
lymph  are  derived  from  the  movements  of  the  diaphragm  and  the  negative 
pressure  in  the  chest.  Von  Recldinghausen^"  was  the  first  observer  to 
demonstrate  this  path  of  absorption,  and  references  to  later  work  will  be  found 
in  the  paper  mentioned  above*. 

I  have,  therefore,  reconsidered  the  whole  question  of  the  absorption  of 
ascitic  fluid  in  the  dro^Dsical  animal.  Experiments  bearing  on  this  point 
which  have  been  already  pubhshed  will  be  briefly  referred  to. 


Absorption  in  the  normal  animal. 

In  experiments  deahng  vni\\  absorption  by  the  lymphatics  it  is  essential 
to  avoid  using  dyes  which  diffuse  into  the  blood  through  the  capillary  waU, 
because,  if  such  dyes  are  used,  the  lymjjh  passing  out  of  the  capillaries  wiU 
be  already  stained  and  the  result  vitiated.  I  found  that  colloid  silver  does 
not  diffuse  into  the  blood,  as  it  is  unable  to  pass  through  the  capillary  wall 
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against  the  blood  pressure,  and  is  entirely  absorbed  by  the  lymphatics.  It 
is,  therefore,  a  suitable  substance,  and  has  been  employed  in  my  previous 
experiments  and  also  in  the  present  series.  In  a  strength  of  one  or  two  per 
cent,  it  forms  a  black  solution  wliich  on  dilution  becomes  canary  yellow. 
It  stains  the  lymphatics  brown,  the  glands  in  their  path  brown  or  black,  and 
the  lymph  in  the  h-mphatics  and  thoracic  duct  yellow.  In  a  previous  paper^ 
I  found  that  after  placing  a  two  per  cent,  solution  in  the  peritoneal  cavity 
the  anterior  mediastinal  glands  and  the  lymphatics  connected  with  them 
were  stained  dark  brown  in  about  five  minutes  and  the  glands  were  black  in  a 
quarter  of  an  hour.  The  anterior  lumbar  gland  l.^dng  on  the  cisterna  chyh 
showed  staining  in  half  an  hour  and  the  lymph  in  the  cisterna  became  a  very 
definite  yellow  colour  in  about  an  hour.  In  these  experiments  the  cats  were 
anaesthetised,  breathing  normallj',  and  lying  in  the  supine  position.  The 
lymph  flowing  from  a  cannula  connected  flith  the  thoracic  duct  in  the  neck 
was  stained  j-ellow  in  an  hour  and  tliirty  or  forty  minutes.  Artificial 
respiration  was  employed  in  such  experiments,  because  in  inserting  the  cannula 
the  apex  of  the  pleura  was  generallj-  opened  by  accident.  Absorption  is 
slower  with  artificial  than  with  normal  respiration,  and  quickest  in  the 
condition  of  partial  asphyxia  and  jiroportional  to  the  violence  of  the 
respiratory  movements.  It  is  impossible  to  obtain  more  exact  figures  than 
the  above,  owing  no  doubt  to  incUvidual  variations  in  the  animals  and  to  the 
difficulty  in  detecting  the  exact  time  at  wliich  a  yellow  tint  is  first  to  be 
observed.  The  figures  are,  however,  sufficiently  accurate  for  the  purpose 
in  hand. 


Absorption  in  the  ascitic  animal. 

In  these  experiments  the  cats  were  anaesthetised  with  ether  and  placed 
in  the  supine  position.  The  respiration  was  normal.  In  all  cases  the 
abdomen  was  opened  and  the  amount  of  ascitic  fluid  present  api^roximately 
judged.  A  solution  of  colloid  .silver  in  normal  salt  solution  was  then  run  into 
the  peritoneum,  the  strength  and  the  amount  of  the  solution  being  adjusted 
so  that  the  resulting  mixture  of  ascitic  fluid  and  salt  solution  contained  as 
nearly  as  possible  two  per  cent,  colloid  silver.  After  the  experiment  was 
finished  the  animal  was  killed  by  bleeding  ;  the  amount  of  peritoneal  fluid 
was  measured  and  the  percentage  of  coUoid  silver  calculated,  so  as  to  make 
sure  that  the  fluid  was  sufficiently  deeplj'  stained,  and  also  to  determine 
approximately  the  original  amount  of  ascitic  fluid.  A  complete  post-mortem 
examination  was  then  performed,  the  lymph  being  extracted  from  the 
cisterna  by  means  of  a  fine  glass  pipette. 

The  following  table  gives  the  results  of  these  experiments,  wliich  are 
arranged  in  groups  according  to  the  time  aUowed  for  absorption. 
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Time  since 

obstruction  of 

vena  cava. 

* 

Original 

amount  of 

ascitic  fluid. 

Lyraph  glands. 

Cat. 

Anterior 
mediast. 

Anterior 
lumbar. 

Cisterna. 

Group 

I.  — KUled  in  J  ho  ur. 

1 

15  days 

47  cc. 

Almost  black                   nil 

nil 

Group 

II.— Killed  in  J  h  our. 

2 
3 
4 
5 
6 
7 

4  days 
14    „ 
16    „ 
16    „ 
31    „ 
42    „ 

10  cc. 
48  „ 
80  „ 
35  „ 
25  „ 
50  „ 

Black                        Yellow 
,,                  1              Hrown 

Yellow 
?  Faint  yeUovv 

Faint  yellow 
Yellow 

Group 

III.— Killed  in  1  hour. 

8 
9 
10 

7  days                    25  cc. 
13    „                      240  „ 
21     „                        86  „ 

Black                       Brown                      Yellow 

„                       Light  yellow 

Group 

IV.— Killed  in  1 J    hours. 

11 

20  days                   40  cc. 

Black             1             Brown                       Yellow 

e.,    The  amount  finally  measured,  less  the  amount  of  fluid  introduced. 


It  is  quite  clear  from  these  experiments  that  there  is  no  delay  in  the 
staining  of  the  anterior  mecUastinal  glands,  nor  of  the  lymph  in  the  cisterna 
chyU.  There  is  therefore  no  delay  in  the  absorption  of  the  ascitic  fluid  by 
the  lymphatics.  In  Cats  2,  G  and  7  the  lymph  in  the  cisterna  was  definitely 
yellow  in  half  an  hour,  distinctly  quicker  than  in  the  average  normal  animal. 
It  was  not  possible  to  determine  whether  the  anterior  mediastinal  glands 
were  also  stained  quicker,  because  in  the  normal  animal  they  are  stained  in 
five  minutes.  Whether  this  was  due  to  shght  exaggeration  of  the  respiratory 
movements  I  was  unable  to  determine,  but  it  is  certain  that  the  dyspnoea 
of  heart  disease  distinctly  aids  absorption  from  the  peritoneum.  At  all 
events  whether  or  not  one  is  to  conclude  that  absorption  is  sUghtly  quicker 
than  normal  in  these  animals,  there  is  clearly  no  delay  in  the  process. 

The  next  experiment  proves  that  the  lymph  flowing  from  the  thoracic 
duct  is  coloured  in  the  same  time  in  the  ascitic  animal  as  in  the  normal, 
when  artificial  respiration  is  employed. 

The  cat  weighed  3,500  grms.  The  inferior  vena  cava  had  been  constricted 
120  days  previously.  Ether  and  artificial  respiration  were  employed  in  the 
dorsal  decubitus.  Cannulse  were  placed  in  the  thoracic  duct  and  peritoneum 
at  3.5  p.m.     The  lymph  flow  was  measured  till  3.15  p.m.  and  at  tliis  moment 
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50  cc.  of  3  per  cent,  colloid  silver  ia  0-9  per  cent,  saline,  were  allowed  to  flow 
into  the  peritoneum. 


Ljraph  flow,  thoracic  duct. 


Time. 

Amount. 

Colour. 

3.5    p. 

m. 

to  3.15  p.m. 

100 

cc. 

Colourless 

3.15 

3.25 

7-0 

,, 

3.25 

3.35 

60 

J, 

3.35 

3.45 

50 

„ 

3.45 

3.55 

3-5 

„ 

3.55 

4.5 

2-5 

„ 

4.5 

4.15 

2-5 

4.15 

4.25 

20 

,, 

Tube  changed 

owing  to  clotting 

4.40  p 

m 

to  4.50  p.m. 

10 

„  (approx.) 

4.50 

,, 

5.0        „ 

1-5 

y. 

Very  faint  yellow 

5.0 

5.10 

•. 

1-5 

Definite  yellow 

The  animal  was  kiUed  by  bleeding  at  5.13  p.m.  After  standing  twenty- 
four  hours  the  blood  serum  was  found  to  be  unstained.  The  peritoneal 
cavity  contained  105  cc.  fluid,  so  that  the  percentage  of  colloid  silver  in  it 
was  about  1-5,  and  about  50  cc.  ascitic  fluid  had  been  present  originally. 
By  how  much  the  quantity  of  peritoneal  fluid  had  altered,  if  it  had  altered  at 
all,  during  the  experiment  it  is  impossible  to  say,  but  it  is  a  matter  of  Uttle 
importance  from  our  point  of  view.  The  anterior  mediastinal  glands  were 
stained  black,  the  anterior  lumber  gland  brov\ai,  and  the  lymph  in  the  cisterna 
chyh  was  yellow  and  of  a  deeper  colour  than  that  flowing  from  the  thoracic 
duct.  The  lymph  was  stained  in  one  hour  and  forty-five  minutes,  a  period  of 
time  ■ftithin  the  normal  hmits.  The  Ij-mph  flow  was  increased  and  notwith- 
standing tliis  fact  the  lymjjh  was  not  coloured  more  rapidly  bj'  the  ascitic 
fluid  than  in  the  case  of  the  normal  animal.  The  conclusion  is  that  the 
increased  lymph  flow  through  the  thoracic  duct  is  not  due  to  increased  rate  of 
absorption  from  the  peritoneal  cavity.  The  mere  presence  of  fluid  in  this 
cavity  will  not  increase  the  lympli  flow,  even  if  the  fluid  is  under  considerable 
pressure*. 

A  study  of  the  Ij-mph  flow  in  the  thoracic  duct  in  the  ascitic  animal  is  of 
interest  because  it  demonstrates  ( 1 )  that  there  is  no  demonstrable  increase  in 
the  flow  during  the  first  few  days  after  the  vena  cava  has  been  constricted 
although  ascites  is  present,  and  (2)  that  after  tliis  initial  j^eriod  the  flow  is 
definitely  increased  and  that  tliis  increase  is  not  dependent  on  the  amount 
of  ascitic  fluid  present. 

The  next  series  of  experiments  demonstrates  that  the  lymph  flow  in  the 
ascitic  animal  is  increased  after  the  first  few  days  as  compared  with  that  of 
the  normal  animal. 
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Lymph  flow  in  normal  cats. 


Cat. 

cc. 

at  10  min 

.  intervals. 

cc.  first  J  hour. 

1 

0-8 

0-7 

0-3 

0-5 

0-5 

0-7 

1-8 

2 

20 

1-3 

10 

10 

10 

0-8 

4-3 

3 

2-4 

2-3 

20 

1-4 

10 

0-8 

6-7 

4 

1-3 

10 

0-5 

0-6 

10 

10 

2-8 

5 

1-7 

10 

0-9 

10 

0-8 

10 

3-6 

6 

1-4 

10 

1-7 

10 

11 

0-6 

41 

Lymph  Jlow  in  ascitic  cats 


Cat. 

Duration  o£ 
dropsy. 

Ascites. 

cc.  at  10  min 

.  intervals. 

cc.  first 
J  hour. 

1 

5  hours 

11  cc. 

2-2 

1-8 

1-5 

1-2 

10 

5-5 

2 

24     „ 

27    „ 

0-6     1 

0-5 

0-5 

0-4 

0-3 

0-5 

1-6 

3 

24     „ 

20    „ 

0-8 

10 

0-8 

0-5 

0-4 

0-5 

2-6 

4 

4  days 

10    „ 

1-3 

10 

M 

10 

0-8 

0-7 

3-4 

o 

2  weeks 

21    „ 

4-2 

4-6 

3-6 

30 

3-6 

3-5 

12-4 

6 

2  weeks  6  days 

52    „ 

50 

2-9 

2-8 

2-8 

10  7 

7 

5 

12    „ 

51 

3-2 

2-6 

2-4 

20 

2-1 

10-9 

8 

5       „      6     „ 

3    „ 

4-5 

30 

4-2 

3-7 

5-4 

5-7 

11-7 

9 

7       „      1     „ 

4    „ 

40 

3-5 

2-5 

2-5 

10-0 

10 

8       „      1     „ 

7    „ 

5-5  + 

80 

4-5 

18-0  + 

11 

10       „      1     „ 

7    „ 

5-5 

3-7 

2-7 

2-3 

11-9 

12 

17       „      1     „ 

oo    „ 

70 

60 

50 

3-5 

2-5 

20 

180 

13 

24       ..      3     „ 

40     „ 

3-2 

2-3 

0-7  + 

1-3 

6-2  + 

The  ascitic  fluid,  amounting  to  31  cc,  was  removed  from  the  last 
cat  (No.  13)  twenty-four  hours  before  the  lymph  flow  was  estimated  ; 
40  ec.  had  reaccumulated  during  this  twenty-four  hours. 

The  lymph  flow  in  Cats  1  to  4  is  \\1thin  normal  hmits  ;  in  the  rest  it  is 
defuiitely  increased  with  the  exception  of  Cat  13.  The  reason  for  this  is 
that  the  experiment  was  made  of  removing  aU  the  ascitic  fluid  from  Cat  13 
the  day  before  the  lymph  flow  was  estimated.  It  had  reaccumulated  to  the 
amount  of  40  cc,  which  had  depleted  the  blood  considerably.  The  cat 
weighed  3,230  grms.,  so  that  its  normal  blood  volume  should  be  about  130  cc. 
An  increase  of  40  cc.  in  such  an  animal  would  be  about  the  amount  which 
would  be  expected  from  the  estimations  I  have  made.  The  small  lymph  flow 
is  due  to  the  reduction  in  its  blood  volume.  It  seems  perfectly  clear  that  the 
increased  lymph  flow  in  the  thoracic  duct  is  in  no  way  indicative  of  increased 
rate  of  absorption  from  the  peritoneal  cavity,  for  the  flow  is  unrelated  to  the 
amount  of  fluid  present  in  the  peritoneal  ca\'ity,  but  is  related  to  the  blood 
volume.    This  view  has  been  already  expressed,  although  direct  proof  of  it  was 
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not  forthcoming  at  the  time.  It  was  strongly  suggested  in  the  case  of  a 
dog  with  cardiac  dropsy  and  plethora  investigated  by  Starling  and  myself, 
in  wliich  the  lymph  flow  was  increased  and  in  wliich  tliis  increase  persisted  for 
a  certain  time  after  tapping  the  abdomen^.  I  was  able  to  demonstrate  that 
in  ascitic  cats  with  constriction  of  the  inferior  vena  cava  the  blood  volume 
gradually  increases  and  that  coincident  with,  and  dependent  upon  it,  there 
was  a  rise  of  venous  pressure  in  the  portal  and  systemic  systems  beliind  the 
obstruction,  comparable  to  that  seen  when  the  inferior  vena  cava  is  com- 
pletely hgatured^.  A  few  days  elapse  after  the  constriction  is  applied  before 
the  plethora  can  be  demonstrated,  and  at  this  time  the  venous  pressures  are 
only  moderately  raised  and  sometimes  are  witliin  normal  hmits,  and  the 
lymph  flow  in  the  thoracic  duct  is  normal.  As  the  blood  volume  increases 
the  percentages  of  red  blood  corpuscles  and  haemoglobin  faU,  to  rise  again 
as  the  production  of  corpuscles  increases.  There  can  be  no  doubt  that  the 
increased  lymph  flow  results  from  the  plethora  and  is  thus  an  index  of 
increased  lymph  production.  It  has  been  knowai  for  many  years  that 
plethora  increases  the  lymph  flow,  and  that  the  excess  of  blood  chiefly 
collects  in  the  abdominal  organs*.  Starling  showed  that  in  artificial  plethora 
the  excess  of  lymph  comes  cliiefly  from  the  intestine  and  liver,  contrasting 
in  this  respect  with  comi^lete  ligature  of  the  inferior  vena  cava,  the  increased 
lymph  production  in  wliich  condition  he  showed  to  occur  entirely  in  the  hver®. 
That  such  an  increased  outputting  of  lymph  is  constant  during  the  whole 
period  of  the  ascites  is  quite  clear  from  the  fact  that,  if  the  ascitic  fluid  is 
removed  at  any  period,  it  reaccumulates  within  the  next  twenty-four  hours, 
the  amount  of  such  reaccumulation  depending  upon  the  activity  of  lymph 
production.  This  constant  outflow  of  lymph  into  the  peritoneal  cavity  I 
have  already  demonstrated,  and  reference  to  it  here  necessitates  a  short 
consideration  of  the  part  plaj-ed  by  the  blood  vessels  in  absorption. 


Absorption  by  the  blood  vessels. 

The  difference  between  the  absorption  of  ascitic  fluid  and  of  salt  solution 
by  the  normal  animal  lies  in  the  fact  that  the  ascitic  fluid  is  absorbed  as  a 
whole  by  the  lymphatics  and  at  an  almost  uniform  rate.  Salt  solution  is 
absorbed  by  the  blood  capillaries  by  osmosis  and  diffusion',  the  rate  of 
absorption  being  rapid  in  the  initial  stages  but  falKng  oft'  during  the  process 
owing  to  the  accumulation  of  protein  and  various  salts  in  it,  so  that  the  force 
tending  to  osmosis  diminishes,  and  finally,  when  osmotic  equihbrium  is 
estabUshed,  the  residual  fluid  is  entirely  absorbed  by  the  lymphatics.  The 
ascitic  fluid  in  the  peritoneum  is  in  osmotic  equihbrium  with  the  blood  in  the 
capillaries,  and,  as  I  have  said,  is  absorbed  as  a  whole  at  a  uniform  rate  by  the 
lymphatics.  If  the  ascitic  fluid  of  a  dropsical  animal  be  removed  and 
replaced  by  salt  solution,  the  amount  of  this  solution  absorbed  by  osmosis  is 
the  same  during  the  first  hour  as  in  the  normal  animal,  but    the    rate  of 
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absorption  falls  off  much  more  rapidly  in  the  former  than  in  the  latter  case, 
and  an  estimation  of  the  amount  of  total  sohds  in  the  introduced  fluid  shows 
that  this  faUing  off  is  due  to  the  more  rapid  accumulation  of  protein  and 
salts  in  it.  The  amoimt  of  total  sohds  in  tliis  fluid  soon  equals  that  in  the 
original  ascitic  fluid,  when  osmotic  absori:)tion  ceases,  and  the  animal  is 
left  in  practically  the  same  concUtion  with  regard  to  amount  and  composition 
of  its  ascitic  fluid  as  it  was  at  the  beginning.  The  blood  vessels  thus  regulate 
the  composition  of  the  ascitic  fluid.  The  actual  figures  observed  in  two 
experiments  were  as  follows^  : — 


Absorption  of  0-9  per  cent,  salt  solution — 

normal  cats. 

Introduced. 

Solids 
per  cent. 

Time  in 
hours. 

Remaining. 

Solids 
per  cent. 

Absorbed. 

50  ce. 
"0  ,. 

0-9 
0-9 

1 
8 

32  cc. 
3  „ 

.     1-2 

4-7 

18  cc. 
67   „ 

Absorption  of  0'9  per  cent,  salt  solution — ascitic  cats. 


Ascites 
removed. 

Solids  ■              Saline 
per  cent.      i    introduced 

Time  in 
hours. 

Remaining. 

Solids 
per  cent. 

Absorbed. 

11  cc. 
45  „ 

—                    50  cc.               li 
7-9                   70  „                 8 

31  cc. 
45  „ 

2-7 
6-6 

19  cc. 
25  „ 

The  amounts  absorljed  in  the  first  hour  are  the  same  in  each  case,  but  the 
amount  of  total  sohds  in  the  remaining  fluid  in  the  ascitic  cat  is  double  that 
in  the  normal  cat.  After  eight  hours  the  normal  cat  has  absorbed  almost  the 
whole  of  its  fluid,  but  45  cc.  remain  in  the  peritoneum  of  the  ascitic  cat  and 
the  fluid  contained  6-6  per  cent,  total  sohds,  owing  to  the  rapid  output  of 
lymph  into  this  cavity.  The  average  amount  of  total  sohds  in  the  ascitic 
fluid  of  these  cats  is  6-3  j^er  cent.  ;  7-9  per  cent,  is  very  high.  Absorption 
by  the  peritoneal  blood  vessels  of  the  dropsical  cat  is  thus  as  efficiently 
conducted  as  in  the  normal  animal,  but  in  the  ease  of  the  peritoneum  it  does 
not  follow  that  the  vascular  area,  in  which  increased  output  is  occurring, 
absorbs  the  fluid,  because  there  are  two  sets  of  vessels  concerned  (1)  those 
of  the  portal  area  wliich  are  rapidly  producing  an  excess  of  lymph  ;  (2)  those 
of  the  remaining  peritoneum  which  are  probably  producing  no  excess  of 
lymph  ;  it  may  be  that  the  vessels  of  this  area  are  those  cliiefly  or  solely 
concerned  in  absorbing  the  fluid.     This  point  remains  to  be  elucidated. 
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Conclusions. 


1.  Absorption  by  the  lymphatics  of  the  peritoneum  is  unimpaired  in 
obstructive  ascites.  The  only  condition  in  which  it  may  be  supposed  to  play 
a  part  as  a  factor  in  the  dropsy  of  uncompensated  heart  disease  is  that  in 
which  a  very  high  venous  pressure  at  the  root  of  the  neck  may  impede  the 
entrance  of  lymph  into  the  venous  system.  This  is  by  no  means  invariably 
the  case  in  animal  exjieriments  before  plethora  is  estabUshed,  and  in  the  dog 
with  cardiac  ascites  referred  to  above  the  venous  pressure  in  the  jugular 
vein  was  30-45  mm.  NaS04  (normal  =  28-38  mm.  NaSO^,  the  increase 
being  i— J  mm.  Hg.  only). 

2.  The  ascitic  fluid  is  continually  being  absorbed,  chiefly  by  the 
lymphatics  of  the  diaphragm  and  so  up  through  the  chest,  and  to  a  less  extent 
by  the  thoracic  duct. 

3.  The  presence  of  the  ascitic  fluid  is  due  to  a  continual  output  of 
lymph  at  a  rate  considerably  above  the  normal.  An  increase  in  the  amount 
is  due  to  an  increasing  output,  and  a  decrease  in  the  amount,  leading  to  final 
disappearance,  is  due  to  a  gradual  decrease  in  the  output  of  lymph.  The 
fluid  is  constantl}^  circulating  from  the  blood  to  the  peritoneum  and  back 
again.  f 

In  a  patient  ^^ith  cartliac  dropsj^  the  effect  of  gravitj^  is  to  relieve  the 
portal  system  at  the  expense  of  the  legs.  In  the  horizontal  position  oedema 
of  the  legs  diminishes  and  ascites  increases.  With  the  legs^o^^^l  lymph- 
output  into  them  increases  and  the  output  into  the  peritoneum  consequently 
falls,  and,  absorption  from  this  cavity  continuing,  the  ascites  diminishes. 

4.  Absorption  by  the  blood  vessels  of  the  peritoneum  is  unimpaired 
in  this  form  of  ascites,  but  the  particular  system  of  vessels  concerned  in  this 
act  is  not  decided  by  these  experiments. 
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OBSKR\-ATIONS  UPON  THE  VASCULAR  REACTIONS  IN  MAN 
IN  RESPONSE  TO  INFUNDIN,  WITH  SPECIAL  REFERENCE 
TO  THE  BEHAVIOUR  OF  THE  CAPILLARIES  AND  VENULES.* 

By  BENJAMIN  SACKS,  of  New  York. 
(From  the  Cardiac  Department,  University  College  Hospital  Medical  ScJiool.) 


These  studies  were  undertaken  to  investigate  more  fully  than  hithei'to  has 
been  attempted  the  vascular  reactions  of  normal  human  beings  to  cHiiical 
doses  of  pituitary  extracts. 

The  subjects  were  j^oung  healthy  adults,  and  all  observations,  except 
where  otherwise  stated,  were  undertaken  wdth  the  patient  lying  supine  and 
comfortably.  Blood  pressure  determinations  were  made  by  the  auscultatory 
method.  The  pulse  and  respiratory  rates  were  recorded  graphically.  With 
the  sphygmomanometer  armlet,  pulse  and  respiratory  receivers  adjusted, 
the  subject  lay  resting  for  20-30  minutes  or  longer  as  a  preliminary  to  all 
observations.  In  instances  in  which  plethysmographic  observations  on  a 
lower  hmb  were  being  made  the  simultaneous  blood  pressure  reachngs  were 
taken  in  the  semi-recumbent  posture.  Infundin"}"  was  used  throughout  these 
experiments  for  both  intravenous  and  subcutaneous  injection.  Intravenous 
injections  were  made  into  a  vein  of  the  forearm,  the  dosage  emj^loyed  being 
■jV — tV  cc.  diluted  with  3  cc.  Locke's  solution.  For  subcutaneous  use  i  cc.  or 
1  cc.  diluted  with  2  cc.  of  Locke's  solution  was  injected  into  the  upper  arm. 
When  intravenous  injections  were  used  a  series  of  uniform  readings  was 
first  obtained,  the  needle  attached  to  the  syringe  was  driven  into  the  vein 
and  allowed  to  remain  there  until  any  disturbance  arising  from  the  needle 
prick  had  subsided.  Consequently  in  none  of  the  reachngs  recorded  does 
this  needle  prick  enter  as  a  causative  factor.  The  moment  of  injection  was 
usually  unknown  to  the  subject.  After  the  injection  (intravenous  or  sub- 
cutaneous) observations  were  continued  for  20-60  minutes  or  longer.  Details 
of  other  methods  are  given  later. 

*  Obser%'atioiis  undertaken  on  behalf  of  the  Medical  Besearch  Council.  I  wish  to  express  my 
thanks  to  Dr.  Blitzsten  {iiee  Dr.  E.  P.  Wolf),  in  collaboration  with  whom  the  early  observations 
were  made. 

t  Burroughs  Wellcome  &  Co.'s  preparation  (original  strength,  17  per  cent,  extract). 
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Subjective  symptoms. 

The  most  frequent  sii1)joctive  sjMiiptoTii  is  a  momentary  and  slight 
sence  of  giddiness  experienced  J-1  minute  after  an  intravenous  injection 
(see  Table  I).  Often  a  peculiar  sensation  at  the  back  of  the  mouth  is  described, 
general!}'  during  the  first  minute,  as  "  tinghng  "  or  "  dryness  "  or  as  a 
"  nu'tallic,"  "  salty,"  or  "  pecuUar  "  taste.  Other  less  frequent  symptoms 
are  abdominal  sensations  attributable  to  peristaltic  movements,  desire  to 
micturate  and  slight  jjalpitation.  In  the  only  female  subject  used,  and  she 
had  previously  experienced  menorrhagia,  uterine  cramps  developed  a  few 
minutes  after  the  injection  and  bleeding  from  the  uterus  and  breast  occurred 
several  hours  later.  Generally  the  symptoms  are  of  a  very  minor  and  un- 
disturbing  quaUty. 

Few  or  no  symptoms  were  noted  after  subcutaneous  injections.  Several 
subjects  had  shght  griping  sensations  15  minutes  or  more  after  the  extract 
had  been  injected. 

PaJing  of  the  skin. 

iSoon  after  an  injection  of  infundin  the  sldn  of  the  face  grows  distinctly 
pale,  this  reaction  having  been  noted  after  each  of  42  injections  in  21  subjects. 
The  paUng,  most  conspicuous  in  the  cheeks,  involves  the  entire  face  and 
neck,  includiiig  the  ears  and  mucous  membrane  of  the  lij)s.  In  the  majority 
of  cases  the  pahng  is  intense,  close  attention  being  required  to  detect  it 
only  in  a  small  number.  With  intravenous  injections  of  1/30-1/40  cc. 
unmistakable  pallor  of  the  hands  and  forearms  was  noted  only  a  few  times, 
slight  or  doubtful  pahng  being  more  common  ;  with  subcutaneous  injections 
of  1  cc.,  however,  distinct  pahng  of  the  hands  and  forearms  was  the  rule, 
although  the  change  was  not  as  conspicuous  as  in  the  face.  The  skin  of  the 
trunk  in  which  shght  changes  in  colour  are  difficult  to  recognise,  showed  httle 
or  no  change. 

The  onset  of  the  pallor  is  preceded  by  a  latent  period  wliich  is  longer 
after  subcutaneous  injections  than  intravenous  ones.  In  the  intravenous 
group  the  pahng  began  about  a  minute  (53-85  sec.)  after  the  beginiiing  of  the 
injection,  reached  its  height  at  the  end  of  2  J  minutes,  and  remained  conspic- 
uous for  a  further  period  of  about  20  minutes.  The  total  duration  of  the 
pallor  varied  from  23-85  minutes,  being  less  than  an  hoiu-  as  a  rule.  After 
subcutaneous  injections  the  pahng  generally  began  at  the  end  of  2-3  minutes 
and  lasted  for  an  hour  or  more,  exceptionally  persisting  for  5  hours. 

The  occurrence  of  facial  or  generahsed  pallor  after  injections  of  pituitary 
extracts  has  been  noted  by  a  number  of  observers,  but  has  generally  been 
dismissed  briefly''  ■*•  '•  "^^  '■  '-•  -^-  '"■  ^*-  ^^.  In  one  cHnical  report  the  pahng  was 
considered  to  be  one  of  "  psychic  origin."  On  rare  occasions  paling  may  be 
ascribed  to  such  a  cause  (see  footnote  p.  360),  but  not  usually.  It  occurs 
regularly  in  subjects  in  whom  venous  puncture  alone  is  without  effect  and 
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I 
reappears  constantly  when  the  dose  is  repeated  either  in  a  few  minutes  or 
after  hours  or  days ;  it  is  maintained  long  after  any  uncomfortable 
sensations  may  have  been  experienced,  persisting  even  if  the  individual 
happens  to  fall  asleep.  Finally,  if  the  pallor  is  dispelled  by  effort  or  by  the 
administration  of  amyl  nitrite,  it  returns  soon  after  the  disturbing  influence 
has  been  removed. 

It  is  evident  that  the  pallor  is  due  to  contraction  of  those  vessels  which 
are  responsible  for  skin  colour.  In  the  cheek  and  forearm  these  vessels  are 
mainly  the  minute  collecting  venules  and  those  of  the  subpapillary  plexus 
into  which  the  latter  empty,  capillaries  being  scanty  in  these  skin  territories. 
A  Zeiss-Greenough  binocular  microscope  (62  diameters)  was  used  to  examine 
the  skin  of  the  face  and  mucous  membrane  of  the  Ups  in  several  subjects  by 
means  of  Lombard's  method,  cedar  wood  oil  being  apphed.  The  microscope 
was  focussed  on  a  small  area  in  the  cheek  outlined  in  ink,  and  the  vascular 
changes  in  tliis  area  observed  before  and  after  the  extract  was  injected. 
Before  the  injection  the  sub-papillary  venous  plexuses  and  collecting  venules 
and  a  few  capillaries  were  clearly  to  be  seen.  After  injection  all  the  skin 
vessels  began  to  diminish  in  cahbre  and  at  the  end  of  3-4  minutes  the  greater 
number  of  the  venules  and  almost  all  the  capillaries  disappeared  from  view. 
The  earliest  detectable  change  occurs  during  the  second  half  of  the  first 
minute.  The  visible  vessels  of  the  cheek  which  change  least  are  the  venules 
sufficiently  large  to  be  clearly  seen  with  the  naked  eye.  Similar  changes 
are  observed  in  the  mucous  membrane  of  the  hps  in  which  a  relatively  large 
number  of  capillaries  can  be  seen.  The  capillaries  and  venules  of  the  Up 
which  were  not  seen  to  empty  became  distinctly  narrower. 

Several  previous  observations  have  demonstrated  the  power  of  pituitary 
extracts  to  constrict  capillaries  locally.  Thus  when  a  minute  quantity  of 
the  extract  is  introduced  into  the  skin  a  distinct  area  of  blancliing  de- 
velops**-  ^^-  ■"',  which,  as  Carrier^  has  seen  microscopically,  involves  contraction 
of  capillaries.  I  have  also  introduced  minute  quantities  of  undiluted  infundin 
under  the  skin  of  the  dorsal  siu-face  of  the  finger  and  hand,  the  flexor  surface 
of  the  forearm,  ear  and  cheek  and  found  that  the  collecting  venules  and 
subpapillary  venous  plexuses  disappear  from  view  or  become  smaller  along 
with  the  capillaries.  In  one  case  in  which  the  local  effect  of  infuncUn  on 
dilated  skin  venules  in  the  face  was  studied  a  distinct  narrowing  of  these 
vessels  was  noted. 

That  the  local  blancliing  is  due  to  an  independent  contraction  of  the 
capillaries  and  venules  is  demonstrated  because  it  can  be  produced  5  minutes 
or  longer  after  the  circulation  has  been  brought  to  a  standstill  by  means  of  an 
occluchng  armlet,  a  method  previously  employed  in  this  laboratory  to 
demonstrate  the  active  contraction  of  capillaries  in  response  to  adrenahni^. 
Moreover  Krogh^"*  has  shown  that  perfusion  of  the  liind  leg  of  frogs  with 
dilute  solutions  of  pituitrin  (1  :  50,000  to  1  :  1,000,000)  results  in  partial 
contraction  of  the  capillaries  without  visibly  influencing  the  arteries. 
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From  tlie  preceding  remarks  it  is  clear  that  infunclin  exerts  a  powerful 
contrictive  effect  on  the  capillaries  and  venules.  The  sensitivity  of  tliese 
vessels  to  pituitarj'  extract  may  be  gauged  from  the  fact  that  in  suitable 
subjects  it  is  possible  to  demonstrate  paling  after  intravenous  injections  of  as 
little  as  1/200  cc.  of  infunrUn,  an  amount  which  if  added  to  the  calculated 
blood  volume  of  an  indi^•idual  weighing  140  lbs.  would  represent  a  dilution  of 
about  1  :  1,000,000  of  infuncUn. 

Blood  pressure. 

Numerous  investigators  have  confij-med  the  early  observations  of 
Oliver  and  Schafer^^  who  showed  that  pituitary  extracts  induce  a  rise  of 
lilood  pressure  in  mammals'-^.  The  rise  is  frec^uently  preceded  by  a  consjaicuous 
tair^-  which  is  attributed  by  Abel  and  liis  co-workers"'  *  to  the  presence  of 
preformed  vasocUlator  substances  (liistamine  and  liistamine-like  comi^ounds) 
in  both  freshly  jjrepared  and  commercial  extracts  of  the  gland  ;  though 
other  authors^*  deny  the  presence  of  liistamine  in  pituitary  extracts  in 
detectable  amounts. 

The  changes  in  tlie  blood  pressure  resulting  from  injections  of  pituitary 
extracts  in  man  have  been  studied  by  a  number  of  observers,  but  the  results 
are  conflicting.  Claude  and  Porak^",  Leschke-^,  and  Houssay-^,  employing 
freshly  prepared  extracts,  and  Silva^^  employing  '"  endoipofisina,"  noted  a 
distinct  fall  of  pressure  in  the  majority  of  cases,  the  fall  in  systoUc  being 
greater  than  in  the  diastoUc  pressure.  Behrenroth®  employing  hypophysin 
(1/2  cc.)  in  normal  subjects,  Rosenow^^,  pituglandol  (1  cc),  and  Beco^, 
pituitrin  obtained  inconstant  results  after  intramuscular  and  intravenous 
injections.  Schmidt^^,  studjdng  a  group  of  febrile  patients  suffering  from 
various  diseases,  fomid  that  intramuscular  injections  of  l-lj  cc.  pituitrin 
produced  no  constant  nor  conspicuous  change  in  the  systohc  pressure  but 
caused  in  the  majority  of  cases  a  rise  of  10-15  mm.  of  Hg.  in  the  diastohc 
pressure.  Tode"*!,  emplo3^ng  subcutaneous  injections  of  pituitrin  and 
pituglandol  in  patients  with  various  diseases  of  the  circulatory  and  automomic 
nervous  system,  noted  in  most  cases  a  rise  in  both  the  systohc  and  diastolic 
pressures. 

Results.  The  changes  in  the  blood  pressure  after  intravenous  injections 
of  infundin  are  summarised  in  Table  I.  Thirteen  observations  were  made  on 
11  subjects  employing  1/30  cc,  3  observations  on  2  subjects  with  1/40  cc. 
and  1  observation  on  1  subject  with  1/20  cc.  ;  the  results  were  similar 
after  20-40  sees.,  both  systolic  and  diastolic  pressures  rose  rapidly  and 
generally  reached  a  maximum  at  the  end  of  the  fu'st  minute.  After  re- 
maining at  this  level  for  2-3  minutes  the  pressure  gradually  returned  to  its 
former  level  at  the  end  of  5-10  minutes.  The  average  rise  in  the  systolic 
pressure  was  9  mm.  of  Hg.,  and  in  the  diastohc  pressure  10  mm.,  the  extremes 
for  the  systoUc  rise  being  3  and  18  mm.,  and  for  the  diastohc  rise  4  and 
16  mm.. 
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Subcutaneous  ii^jections  (5  observations  in  5  subjects  with  ^  cc.  of 
infundin  and  5  observations  in  3  subjects  with  1  cc.)  resulted  in  an  average 
rise  of  9  mm.  in  the  systolic  pressure  and  12  mm.  in  the  diastohc  pressure, 
the  extremes  in  the  systoUc  rise  being  0  and  19  mm.  of  Hg.  and  in  the  diastohc 
rise  0  and  24  mm..  The  rise  began  at  the  end  of  the  first  and  more  often 
after  the  second  minute.  The  highest  reacUngs  recorded  were  generally 
those  obtained  at  the  end  of  3  minutes.  In  no  instance  in  either  group  was 
an  injection  followed  by  a  fall  of  pressure  which  could  be  attributed  to  the 
direct  action  of  the  drug.*  Intravenous  injections  of  1/160-1/200  cc.  infundin 
diluted  with  1-2  cc.  Locke's  solution  were  without  effect  on  the  blood 
pressure. 

Pulse. 

Pituitary  extracts  generally  slow  the  heart  in  animals^^.  The  retar- 
dation occurs  also  after  the  v^gi  are  cut  or  paralysed  by  atropine^^,  and  in  the 
perfused  isolated  heart^'.  In  the  intact  animal  the  rise  of  pressure  may  also  be 
involved  in  the  slowing  of  the  pulse.  Sinus  arrhythmia,  heart-block,  extra- 
systoles  and  other  cUsturbances  of  rhythm  have  been  noted  in  man  ^^-  -^'  and 
similar  changes  have  been  seen  in  animals^^'  ^^'  ^^. 

Sixteen  observations  were  made  on  14  subjects  who  received  infinidin 
intravenously  (Table  I).  A  diminished  pulse  rate  was  noted  10  times,  the 
fall  averaging,  however,  only  6  beats  per  minute  and  reaching  its  maximum 
at  the  end  of  the  tliird  minute  as  a  rule.  The  greatest  fall  observed  was 
14  beats  per  minute  (Table  I,  Nos.  2  and  14).  In  7  cases  the  slowing  was 
preceded  by  an  increase  in  the  rate,  and  in  4  acceleration  alone  was  noted. 
After  3-5  minutes  the  pulse  rate  raj^idly  returned  to  its  former  level. 

When  the  extract  was  given  subcutaneously  (6  observations  in  5  sub- 
jects) the  decrease  in  rate,  which  occurred  in  aU  but  one  case,  was  more 
conspicuous,  averaging  10  beats  per  minute  (Table  II).  No  disturbances  of 
rhythm  were  discovered  ;  but  it  is  to  be  remarked  that  the  amounts  of 
pituitrin  given  were  far  less  than  those  which  have  been  seen  to  produce 
arrhythmias  in  animals. 

Eesjnration. 

Mummery  and  Symes^"  noted  shallow  respiration  after  injections  of 
pituitary  extracts  in  cats  and  dogs.  Houghton  and  MerriU^i,  on  the  other 
hand,  noted  acceleration  in  dogs.  Paukow^^  observed  two  distinct  periods 
of  apnoea  in  rabbits  after  large  intravenous  injections.  Frohhch  and  Pick" 
concluded  that  Paukow's  secondary  apnoea  is  due  to  constriction  of  the 

*  On  two  occasions  a  profound  fall  of  blood  pressure  was  witnessed  after  an  intravenous 
injection  of  1/30  cc.  infundin,  but  on  both  occasions  the  fall  was  associated  with  mii^pa.  (irnfuse 
perspiration  and  conspicuous  slowing  of  the  pulse.  In  one  of  these  instances  the  siil.ji  i  (  i.untcil. 
The  records  of  neither  are  included  in  the  tables  since  the  phenomena  observed  w.ic  .  I.;iily 
fainting  attacks  of  the  kind  described  by  Cotton  and  Lewis'^  and  could  not  be  attnliud.l  to  the 
action  of  the  extract. 


PITUITARY     EXTRs^CTS.  361 

medullary  arteries,  since  it  fails  to  appear  when  the  vasoconstrictor  action 
of  the  extract  is  annulled  by  the  simultaneous  administration  of  amyl-nitrite. 
Roberts^^  has  repeated  the  experiments  of  previous  observers  and  concludes 
that  apnoca  in  rabbits  and  shallow  respiration  of  cats  are  due  to  anaemia  of 
the  respiratory  centre  resulting  from  cerebral  vaso-constriction.  His  con- 
clusion is  strengthened  by  finding  that  other  vaso-constrictor  substances, 
e.g.,  adrenahn,  ergotoxin,  alid  barium  chloride,  exert  a  similar  effect  on 
respiration.  In  man  Leschke^^  noted  periods  of  apnoea  after  intravenous 
injections  of  5-10  cc.  of  freshly  prepared  extract.  Van  den  Velden''^, 
McKinlaj-  ,  and  Behrenroth^,  on  the  other  hand,  found  pituitary  extracts  to 
be  without  appreciable  effect.  ^ 

Results.  In  8  subjects  who  received  a  single  dose  of  infunchn  intra- 
venously, shallow  respirations  for  a  brief  period,  were  noted  3  times  (Table  I). 
In  3  the  respiratory  rate  was  diminished  by  2,  and  in  _1  by  3  per  minute.  In 
5  subjects  who  received  a  single  dose  of  infundin  subcutaneoulsy  (Table  II.), 
shallow  respirations  were  noted  once,  associated  ^^ith  a  fall  of  one  in  the 
respiratory  rate.  In  2  subjects,  the  rate  fell  from  10  to  7,  and  16  to  9  per 
minute,  respectively,  but  the  respiratory  excursion  was  increased  instead  of 
diminished.  v_. 

Venous  pressure. 

The  venous  pressure  Mas  estimated  b}^  ]\Ioritz  and  Tabora's  method-®. 
The  readings  were  made  from  the  meniscus  of  the  citrate  solution,  oscillating 
with  respiration,  and  Mere  corrected  to  the  level  of  the  sternum.  After 
obtaining  a  series  of  constant  readings  the  injection  was  given  and  the 
readings  continued  at  30  seconds  intervals  for  12-36  minutes.    The  results  of 

5  intravenous  injections  (1/30  cc.)  and   1  subcutaneous  injection  (1  cc.)  in 

6  subjects  are  recorded  in  Table  III.  Sometimes  a  small  immediate  rise 
was  noted  and  in  others  an  inconspicuous  gradual  fall,  but  on  the  M'hole  the 
results  indicate  that  infundin  in  the  doses  emploj-ed  produced  no  constant 
nor  material  change  in  the  venous  pressure. 

RosenoM'^®  emplojdng  intramuscular  and  intravenous  injections  of 
pituglandol  in  large  doses  (1  cc.)  observed  a  gradual  fall  of  venous  pressure 
in  the  majority  of  cases. 

Outline  of  the  heart. 

Groedel's  orthodiagraph  was  used  to  obtain  records  of  the  heart  outKne. 
The  readings  Mere  made  with  the  subject  sitting  and  holding  liis  breath  at  a 
controlled  phase  of  inspiration.  Several  outUnes  M^ere  made  before  and  after 
injecting  infundin  intravenously.  The  first  record  after  the  injection  was 
obtained  at  the  end  of  1-2  minutes  and  subsequent  records  M-ere  taken  at 
2-3  minute  intervals  for  a  short  period.  In  observations  on  3  subjects  no 
measurable  change  in  the  dimensions  of  the  cardiac  outline  could  be  detected. 
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The  left  leg  or  right  forearm  was  placed  in  a  plethysmograph  containing 
water  at  constant  temperature,  and  allowed  to  soak  for  a  period  of  20-30  min. 
Infimdin  (1/20-1/40  cc.)  was  then  injected  intravenously,  the  beginning  and 
end  of  the  injection  being  signalled. 


Fig.  1  (X  S).  Subject,  R.  C.  Volvtme  curve  of  left  leg  showing  expansion  of  limb  after  intra- 
venous injection  of  infundin  (1/30  cc).  I.  =  injection.  B.  P.  before  116/74  and  3  minutes 
after  injection  124/84  (Table  I,  No.  5).  Onset  of  pallor=l  minute  after  begiiming  of 
injection. 


Fig.  2  (  X  J).  Subject  I.  W.  Volume  curve  of  left  leg  showing  expansion  of  limb  after  infimdin. 
I.  =  injection.  B.  P.  before  125/74  and  1  minute  after  injection  134/82  (Table  I,  No.  16). 
Onset  of  pallor  =  65  seconds  after  beginning  of  injection. 

Six  subjects  were  used.  In  each  instance  after  a  period  of  latency 
averaging  about  1  minute  (39-75  sec.)  the  volume  of  the  hmb  began  to 
increase  reaching  a  maximum  at  the  end  of  about  100  sec.  (Figs.  1  and  2). 
After  reaching  the  summit  the  curve  fell  more  or  less  rapidly,  remaining 
slightly  above  its  previous  level  in  all  but  one  case,  in  which  it  fell  somewhat 
below  it.     The  actual  increase  in  volume  was  20-5-6  cc,  the  limb  volumes 
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being  500  cc.  to  1800  cc.  ;  it  was  accompanied  by  blood  pressure  rises 
averaging  7  mm.  of  Hg.  systolic  and  8  mm.  diastolic.  Pituitary  extracts 
produce  constriction  when  tested  on  strips  of  the  femoral  artery^^  or  when 
perfused  through  the  dog's  hind  leg^*  ;  moreover,  pituitary  extracts  cause 
intense  vaso-constriction  of  the  hmbs  in  the  intact  animal  (dog),  but  the 
reduction  in  volume  is  preceded  by  a  brief  period  of  expansion^^.  In  all 
jjrobabiUty  the  transient  exj^an.sion  of  the  hmb  represents  a  passive  change 
resulting  from  constriction  of  the  splanchnic  arterioles  during  the  height  of 
the  blood  pressure  reaction.  Rosenow'",  who  also  noted  ej^hemeral  distension 
of  the  hmb  (arm),  after  intravenous  injections  of  pituitary  extract 
(pituglandol  and  hypophysin  in  doses  of  0-5-2-0  cc.)  in  man,  arrived  at  a 
similar  conclusion,  but  failed  to  show  that  the  blood  pressure  was  regularly 
elevated  during  the  period  of  expansion. 

The  conspicuous  contraction  of  the  hmb,  noted  by  Magnus  and  Schafer^^, 
was  not  observed  in  these  experiments.  In  the  single  instance  in  which  the 
volume  curve  indicated  in  my  observations  a  contraction  of  the  hmb,  the 
reduction  in  volume  was  inconspicuous. 


Rate  of  blood  flow. 

Hewlett  and  Zwaluwenburg's^"  method  was  used  to  estimate  the  blood 
flow  to  the  hmbs.  The  plethysmograph  described  in  the  previous  section 
was  used.  The  veins  were  occluded  by  suddenly  throwing  a  pressure  of 
38-45  mm.  of  Hg.  into  a  broad  pneumatic  cuff  apphed  to  the  corresponding 
tliigh  or  arm,  and  the  rate  of  increase  in  the  volume  of  the  hmb  measured. 
The  temperature  of  the  hmb  was  maintained  constant. 

The  results  of  13  determinations  in  8  subjects  employing  intravenous  and 
subcutaneous  injections  are  summarised  in  Table  IV.  The  results  were 
inconstant,  a  shght  fall  or  a  shght  rise  or  a  stationary  rate  being  recorded. 
Taken  as  a  whole,  the  figures  indicate  that  the  rate  of  blood  flow  to  the 
hmbs  is  not  conspicuously  altered  by  injections  of  infundin  in  the  doses  here 
cmj)loyed.* 

Rate  of  cedema  formation. 

When  the  veins  of  a  hmb  are  suddenly  occluded  by  a  40  mm.  pressure, 
the  volume  of  the  hmb  rapidly  increases  till  the  veins  fill  ;  if  the  compression 
is  maintained  the  swelhng  continues  (at  a  slower  rate),  and  this  further  rise 
is  due,  in  the  main,  to  oedema,  and  its  steepness  measures  the  rate  of  cedema 
formation. 

*  Hewlett"  noted  a  tendency  for  the  blood  flow  in  the  arm  to  increase  after  intramuscular 
injections  of  pituitrin  ;  but  the  temperature  was  not  maintained  at  a  constant  level  in  his  obser- 
vations. Christie  and  Stewart"  report  an  increase  in  tlie  blood  flow  to  the  hands  in  a  patient  with 
diabetes  insipidus  complicated  by  dermatitis  of  the  hands. 
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Extensive  studies  of  oedema  so  produced  have  been  carried  out  in  this 
laboratory  by  Dr.  Drury,  to  whom  I  am  indebted  for  help  in  these  obser- 
vations. The  details  of  the  method  vrill  be  described  by  him  at  a  later  date. 
The  rate  of  swelhng  of  the  hmb  is  recorded  over  a  period  of  30-35  minutes, 
the  pressure  in  the  cuii  and  the  temperature  of  the  water  being  maintained 
at  a  constant  level ;  observation  is  then  repeated  after  a  suitable  interval 
and  under  1  cc.  infundin  administered  subcutaneously  and  the  two  compared. 
Observations  were  made  on  2  subjects,  the  injection  being  given  10  and  15 
minutes,  respectively,  after  the  occlusion  was  begun.  In  two  additional 
cases  a  compression  cuff  was  not  appUed,  the  rates  of  cedema  formation  in  the 
dependent  leg  under  the  influence  of  hydrostatic  pressure  being  recorded. 
In  one  of  these  infundin  was  given  intravenously  (1/40  cc),  and  in  the  other 
subcutaneously  (1  cc). 

The  results  are  summarised  in  Table  V,  and  wiU  be  discussed  together. 
During  the  first  5-10  minutes  after  injection  the  rate  of  swelling  was  either 
inconspicuously  dimiiushed  or  actually  increased  a  httle  (see  volume  of 
Umb).  The  rate  of  swelhng  then  progressively  diminished,  reaching  its 
minimum  at  the  end  of  15-20  minutes  or  more  after  the  injection,  the  greatest 
reduction  noted  var3ing  from  41-8  per  cent.  [R.  C.)  to  640  per  cent.  [8.  M.). 
The  most  pronounced  change  occurs  at  a  time  when  the  main  effect  on  the 
blood  pressure  has  subsided  and  the  pallor  is  at  its  height.  These  results 
indicate  that  infundin  conspicuously  decreases  the  rate  of  oedema  formation. 
The  blood  flow  to  the  Umb,  estimated  immediately  after  the  greatest  observed 
reduction  in  the  rate  of  oedema  production  and  compared  «ith  earlier 
readings,  was  either  shghtly  diminished  or  increased. 

Discussion  and  conclusions. 

Evidence  has  been  brought  forward  to  show  that  pituitary  extract 
(infundin)  when  injected  into  human  beings  not  only  contracts  the 
arterioles  but  also  the  capillaries  and  minute  venules.  PaUng  of  the  skin 
is  constant  and  mil  occur  after  minute  intravenous  doses.  Though  most 
conspicuous  in  the  face  and  neck,  the  pallor  is  by  no  means  confined  to 
these  areas,  frequently  also  affecting  the  hmbs,  especiallj'  when  the  extract 
is  injected  in  larger  doses  subcutaneously.  Pahng  is  due  to  an  observed 
contraction  of  the  vessels  responsible  for  skin  colour,  namely,  the  capiUaries, 
the  collecting  venules  and  those  of  the  subpapillary  plexus.  The  effect  on 
these  vessels  is  the  same  as  that  produced  locally  by  introducing  pituitary 
extracts  into  the  skin,  the  local  blanching  being  clearly  due  to  constriction 
of  the  capillaries  (Carrier),  and,  as  I  have  shown,  tliis  constriction  is  active 
and  affects  the  venules  as  well.  Additional  reasons  to  those  already  stated 
for  beheving  that  the  vessels  involved  are  not  emptied  passively  as  a  result 
of  arteriolar  constriction  are  that  the  pahng  can  be  produced  by  doses  of  the 
extract  too  small  to  raise  blood  pressure,  and  in  other  cases  the  persistence 
of  pallor  long  after  the  blood  pressure  has  resumed  its  formal  level  ;    it  is 
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also  to  be  noted  that  pallor  has  been  recorded  when  as  a  result  of  pituitary 
injection,  the  blood  pressure  has  fallen. 

The  effect  of  hyjsophyseal  extracts  on  the  arterioles  can  be  gauged  most 
readily  by  noting  the  effect  on  the  blood  jiressure.  In  a  series  of  observations 
here  recorded,  a  small  but  distinct  elevation  of  the  arterial  press-ure  was  the 
rule,  the  diastohc  pressure  being  changed  rather  more  than  the  systoUc.  The 
rise  of  pressure  was  inappreciable  in  a  few  cases  ;  in  no  instance  was  a  fall 
encountered.  It  is  brief.  The  absence  of  more  conspicuous  and  permanent 
blood  pressure  change  is  somewhat  remarkable  in  the  presence  of  what  is 
often  profound  pallor.  It  is  to  be  remembered,  however,  that  the  profound 
pallor  is  facial,  and  the  extent  to  Mhich  tissues,  other  than  the  skin,  are 
affected  is  not  known. 

The  transient  expansion  of  the  hrab  at  the  height  of  the  blood  pressure 
reaction  furnishes  indirect  evidence  that  the  splanchnic  arterioles  are  con- 
stricted during  tliis  period,  reduction  in  volume,  consequent  on  increased 
tone  of  the  minute  sldn  vessels,  being  masked  by  the  altered  distribution  of 
the  blood  during  the  period  of  splanchnic  constriction.  Plethj^smographic 
evidence  of  vascular  constriction  in  the  limbs,  after  the  preliminary  passive 
expansion,  although  demonstrable  in  animals,  was  not  clearly  obtained  in 
these  experiments,  a  secondary  diminution  of  hmb  volume  having  been 
the  exception  rather  than  the!  rule,  even  when  the  hmb  was  distinctly  pale. 

Estimations  of  the  rate  of  blood  flow  after  injections  of  infundin  gave 
inconstant  results,  a  small  rise  or  fall  or  no  appreciable  change  being  noted. 
This  result  is  not  wholly  surprising  if  two  opposing  actions  in  the  limb  are 
simultaneously  in  play, "  the  one,  a  passive  effect  of  constriction  in  the 
splanchnic  area,  tending  to  augument  the  blood  flow,  and  the  other,  a 
locally  increased  vascular  tone,  tending  to  diminish  it. 

The  results  of  the  experiments  on  oedema  formation  are  consistent 
with  the  observed  contraction  of  the  capillaries  and  venules  of  the  hmbs. 
Since  the  reduction  in  the  rate  of  oedema  formation  in  the  hmb  is  recorded  at 
a  time  when  the  blood  pressure  has  returned  to  normal  and  the  pallor  is  still 
at  its  height,  there  is  httle  doubt  that  the  effect  observed,  and  this  is  con- 
spicuous, is  due  to  change  in  the  capillaries  and  venules.  The  change  is 
not  due  to  concomitant  alteration  of  blood  flow  to  the  hmbs,  and  must  be 
ascribed  either  to  diminution  in  the  size  of  these  vessels  or  to  altered 
permeabihty  of  their  walls. 

The  slowing  of  the  heart  which  occurs  in  more  than  half  the  cases, 
though  definite,  is  not  consjDicuous.  The  bradycardia,  if  present,  is  fre- 
quently preceded  by  a  brief  period  of  acceleration.  No  disturbances  in 
rhythm  were  noted  in  these  observations. 

Note. — ^While  this  paper  was  in  the  press,  a  report  by  KoUs  and  GeiUng  ( Journ.  Pharmacol, 
and  exper.  Therap.,  1924,  xxiv,  67)  appeared  on  the  action  of  pituitary  hquid  (Armour)  on 
unansesthetised  and  anaesthetised  dogs.  Employing  large  doses  intravenously  (1/4-1  cc),  these 
observers  noteil  intense  paling  of  the  skin  and  mucous  membranes,  and  by  viewing  the  vessels  of 
the  ear  by  Lombard's  method  found  the  capillaries  to  be  contracted.  They  also  noted  dilatation 
and  diminished  output  of  the  heart. 
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SUPERNORMAL    RECOVERY    PHASE,    ILLUSTRATED    BY    TWO 
CLINICAL   CASES   OF   HEART-BLOCK.* 

By  THOMAS  LEWIS  and  A.  M.  MASTER. 
{Cardiac  Department,    Universiltj  College  Hospital  Medical  School,  London.) 


The  two  cases  of  heart-block  here  recorded  present  an  unusual  feature 
which,  so  far  as  we  are  aware,  is  hitherto  undescribed.  They  appear  to 
illustrate  a  brief  overswing  in  the  recovery  curve  of  the  muscle  imphcated, 
comparable  to  the  supernormal  phase  wliich  has  been  described  hj  Adrian 
and  Keith  Lucas^  *  "in  the  recovery  curves  of  nerve  and  muscle  after  response. 
The  first  case,  which  we  now  proceed  to  describe,  was  originally  under  the 
care  of  Professor  T.  R.  EUiott,  at  whose  request  the  case  was  examined 
and  to  whom  we  are  correspondingly  indebted. 


First  observation. 

H.  N.,  a  married  man  of  56  years,  was  admitted  to  hospital  on  July  the 
16th,  1924,  in  a  state  of  collapse.  A  few  days  later  he  gave  the  foUomng 
history. 

From  birth  his  left  side  has  been  paralysed,  this  condition  proving  to  be 
an  old  standing  hemiplegia  -s^ith  athetosis  ;  at  24  years  he  acquired  typhoid 
fever  ;  at  53  he  suffered  from  influenza  and  has  had  bronchitis  since  this 
illness.  Apart  from  his  cough  there  were  no  symptoms  until  the  day  of  his 
admission,  and  his  health  was  good. 

On  July  the  16th,  while  taking  tea,  he  became  faint  and  lost  consciousness 
for  a  few  minutes.  On  recovery  he  felt  alarmed,  was  giddy,  nauseated, 
sweating  and  experienced  intermittent  flushing  and  was  brought  to  hosjsital. 

A  very  thin  man,  he  was  found  to  be  in  a  state  of  collapse,  the  pulse 
rate  being  irregular,  and  its  rate  40  to  48  beats  per  minute.  He  continued 
in  this  state  until  the  morning  of  the  17th,  when  he  again  lost  consciousness 
for  a  few  minutes.  During  the  morning  of  this  day  the  pulse  rate  was  slower, 
faUing  from  time  to  time  to  20  to  25  beats  per  minute,  but  remaining  irregular. 
At  such  times  the  man  became  very  pale.     There  were  recurring  phases 

*  Observations  undertaken  for  the  Medical  Research  Council. 
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during  which  the  pulse  quickened  to  about  70  beats  per  minute  and  tliis 
more  rajiid  action  was  accompanied  by  very  distinct  flushing  of  the  skin. 
In  the  afternoon  the  pulse  was  somewhat  more  rapid  but  remained  irregular  ; 
the  series  of  curves  here  described  was  taken  during  tliis  period.  The  chest 
was  emphysematous  ;  the  cardiac  impulse  was  imperceptible,  the  heart 
sounds  faint  but  seemingly  normal  in  character.  The  arteries  were  thickened, 
the  systohc  blood  pressure  was  90  mm.  Hg..  A  capsule  of  amyl  nitrite 
inhaled  failed  to  affect  the  pulse  rate.  He  was  given  a  hypodermic  dose  of 
1/50  grain  of  atropine.  The  pulse  rate  rose  from  26  to  34  during  the  following 
hour  and  continued  to  rise  to  70  during  the  next  12  hours.  On  the  morning  of 
the  18th  he  was  placed  on  a  mixture  containing  5  minims  of  tincture  of 
belladonna.  On  the  19th  the  general  conchtion  had  further  improved,  the 
pulse  rate  remaining  at  70  to  SO  beats  per  minute  and  regular  ;  the  heart's 
mechanism  on  this  day  was  perfectly  normal,  and  it  remained  so  during  the 
rest  of  his  stay  in  hospital,  the  belladonna  tincture  being  omitted  on 
the  22nd.  The  atropine  and  belladonna  ajjpear  to  have  had  little  or  no 
effect  on  his  heart's  action,  recovery  occurring  gradually  and  spontaneously  ; 
the  blood  pressure  rose  td  116  mm.  Hg..  His  strength  increased  rapidly, 
and  on  the  12th  and  16th  of  August  his  teeth  were  extracted.  He  stood 
these  operations  well  and  was  sent  to  a  convalescent  home  on  the  20th  of 
August.  His  complement  fixation  test  proved  negative  ;  the  urine  was 
normal. 

Cardiac  mechanism.  ■  A  selection  from  the  curves  taken  on  the  17th  is 
shown  in  Fig.  3.  In  Fig.  3a  the  meaning  of  the  slow  pulse  action  is  evident  ; 
we  have  to  deal  with  complete  heart-block.  Over  the  first  half  of  this  curve 
both  the  auricles  and  the  ventricles  are  beating  regularly  and  their  rates  are 
23  and  89,  respectively.  The  complete  heart-block  is  undisturbed  throughout 
the  curve,  •with  the  exception  of  a  jjremature  beat  of  the  ventricle  marked  x 
in  its  centre.  Now  the  ventricular  complexes  of  the  curve,  with  this  solitary 
exception,  are  of  one  form  ;  they  are  of  aberrant  type  and  resemble  those  of 
beats  arising  in  the  left  ventricle.  The  excejDtion,  namelj',  the  premature 
beat,  is  normal  in  type.  Its  initial  deflections  are  of  short  duration  and 
resemble  those  of  the  normal  heart  beats  of  tliis  subject,  obtained  two  days 
later  and  when  the  patient  was  convalescent  (Fig.  4).  During  the  first 
half  of  the  curve,  a  not  unusual  relation  between  auricular  and  ventricular 
systoles  is  manifested,  each  fourth  auricular  systole  falls  simultaneously 
with  a  ventricular  systole  ;  but,  owing  to  the  lack  of  a  simple  mathematical 
relation  between  the  rate  of  the  auricular  and  ventricular  beating,  these 
auricular  beats  gradually  move  position  in  relation  to  the  ventricular  systole 
with  wliich  they  fall ;  thus  P^  falls  in  the  isoelectric  period  between  the 
deflections  S  and  T,  P«  falls  at  the  upstroke  of  T,  pi"  halfway  up  the 
upstroke,  and  pi*  almost  at  the  summit  of  T,  and  P'**  just  a  little  later. 
FalUng  at  this  instant  it  is  responded  to  by  the  ventricle.  That  this  is  so  is 
clearly  shown  by  Fig.  36  and  by  a  number  of  similar  records  taken  at  the 
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same  sitting.  In  Fig.  36  the  ventricle  responds  to  the  auricle  on  five  occasions, 
to  P*,  P',  P'^,  P-i  and  P-^ ;  these  P  summits  all  fall  upon  that  phase  of 
ventricular  systole  wliich  intervenes  betweeii  the  summit  of  T  and  a  point 
near  the  end  of  T  ;  when  P  falls  at  any  phase  of  systole  or  diastole  other 
than  that  described,  no  premature  contraction  of  the  ventricle  is  seen. 
Fig.  36  shows  another  curious  disturbance,  to  which  we  shall  refei  only 
briefly  ;  the  form  of  P  changes,  becoming  of  lower  amplitude  and  triphasic. 


Fig.  1.  {Case  1.)  A  chart  showing  the  auricular  systoles  to  which  the  ventricle  responds  and  to 
which  it  fails  to  respond  (iV.i?.)  in  time  relation  to  ventricular  systole.  Abseissse  in  tenths 
of  a  second  ;  tlie  zero  line  of  time  corresponds  to  the  beginning  of  the  ventricular  complex. 


The  change  becomes  estabhshed  at  P^^  and  continues  to  the  end  of  the  curve. 
This  change  was  seen  in  many  curves  and  was  associated  with  slower  beating 
of  the  auricle  ;  presumably  it  was  due  to  a  change  in  the  site  of  the  pace- 
maker. Thus,  it  occurs  again  in  Fig.  3c,  at  P^^,  and  the  more  usual  form 
reappears  towards  the  end,  at  P^'-.  These  changes  in  the  form  of  P  were 
unconnected  with  the  question  of  resiDonse  or  no  response  of  the  ventricle, 
as  the  pubhshed  records  sufficiently  demonstrate.  \Ye  are  content  to  note 
them  and  shall  consider  them  no  further,  as  they  do  not  affect  the  observation 
of  cliief  importance.     To  complete  the  evidence,  we  have  taken  the  whole 
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batch  of  records  and  have  plotted  all  those  P  deflections  of  normal  and 
upright  form*  which  fall  during  the  period  of  systole  or  near  to  it  and, 
similarly,  we  have  plotted  a  selection  of  those  auricular  waves  which  fall  in 
diastole  (Fig.  1)  ;  to  plot  all  such  auricular  waves  and  to  show  them  to  the 
end  of  ventricular  diastole  is  unnecessary  ;  it  is  sufficient  to  state  that  though 
they  fell  at  aU  phases  of  diastole,  not  one  produced  response  of  the  ventricle 
beyond  the  0-7  time  hne.  The  diagram  shows  clearly  that  there  is  a  brief 
phase  of  the  ventricular  cycle  which  is  peculiar  ;  it  commences  sharply 
0-42  of  a  second  after  the  beginning  of  the  first  ventricular  deflection  R  and 
ends  somewhat  less  sharply  about  0-70  of  a  second  after  the  same  zero  point. 
An  auricular  systole  falhng  in  this  period  sends  an  effective  impulse  to  the 
ventricle  ;  falhng  at  any  other  phase  of  systole  or  of  diastole,  the  ventricle 
fails  to  respond. t  When  response  occurs  it  occurs  after  an  average  interval  of 
0-143  of  a  second;  this  conduction  time  is  well  within  normal  Umits.  When 
the  responses  are  studied,  it  is  notable  that  those  which  correspond  to  the 
earliest  auricular  systoles  are  followed  by  the  shortest  transmission  intervals, 
those  which  occui"  latest  are  followed  by  the  longest  transmission  intervals. 
The  series  of  intervals  is  showai  in  the  chagram,  the  first  being  0120  of  a 
second,  and  the  last  being  0-168  of  a  second  in  duration.  As  the  end  of 
the  resjionsive  phase  is  reached  the  passage  of  effective  impulses  to  the 
ventricle  becomes  more  hesitating  ;  this  is  contrary  to  usual  expectation  ; 
it  is  the  rule,  as  is  widely  recognised,  that  the  PR  interval  becomes  longer, 
and  not  shorter  as  in  this  instance,  when  the  period  of  jireceding  rest  is 
short.  The  reason  for  reversal  of  the  usual  relation  is  obviously  that 
the  phase  over  which  response  occurs  is  passing  into  one  in  which 
response  cannot  occiu* ;  the  hesitation  to  respond  increases  to  the  point 
of  refusal. 

A  further  iDustration  remains  to  be  described,  namely  Fig.  3c.  In  tliis 
record,  one  of  several,  the  events  are  similar  to  those  in  the  first  two  curves, 
that  is  to  say,  there  is  the  picture  of  complete  block,  broken  at  two  points 
(P8  and  Pi5).  The  first  disturbance  is  of  a  kind  so  far  unnoticed  ;  there  are 
three  successive  responses  to  auricular  systoles  (P^,  P^"  and  P^^).  The 
three  corresponding  ventricular  complexes  are  normal  in  every  respect ; 
they  should  be  compared  with  those  of  Fig.  4.  This  period  is  properly 
regarded  as  one  in  which  the  normal  heart  rhythm  has  become  temporarily 
restored.  The  reason  why,  when  the  auricular  systole  falls  at  a  suitable 
instant,  the  ventricle  responds  once  in  most  instances  and  twice  or  thrice 
successively  on  occasion,  becomes  evident  when  the  relation  of  the  auricular 

*  Had  we  included  the  abnormal  P  deflections  the  result  would  not  have  been  different,  but 
the  measurements  in  the  last  case  would  have  been  less  accurate. 

t  Tlie  arrowi;  of  the  diagram  and  the  values  given  above  refer  to  the  beginning  of  P.  Where 
this  upstroke  oi  P  has  been  obscure  we  have  used  its  summit  for  measurement  and  have  made  a 
suitable  allowance  to  find  its  beginning.  AVlien  neither  the  upstroke  nor  summit  could  be  clearly 
defined,  and  this  has  very  occasionally  been  the  case,  tlie  point  midway  between  the  adjacent 
P  waves  has  been  taken. 
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systoles  to  preceding  ventricular  systoles  is  examined.  In  all  other  instances 
in  these  records,  when  the  ventricle  responds  to  the  auricle,  the  succeeding 
auricular  sj'stole  falls  clear  of  the  premature  ventricular  systole.  In  the 
present  instance,  the  auricular  rate  being  a  httle  quicker  than  usuil,  the 
auricular  systole  P^"  falls  actually  on  the  end  of  the  prececUng  ventricular 
systole  ;  it  falls  therefore  in  the  susceptible  phase  of  that  systole. 
Similarly  wdth  Pi\  for  this  also  falls  on  the  end  of  the  preceding  ventricular 
systole  ;  but  since  it  falls  relatively  a  little  later  than  P^",  the  response 
occurs  with  more  hesitation.  The  P-R  intervals  of  the  three  successive 
cj^cles,  when  accurately  measured  show  the  following  values  : —  0-133,  0150 
and  01 64  of  a  second.  The  next  auricular  systole  (Pi-)  is  delayed  and 
falls  clear,  and  consequently  reponse  fails.  This  curve,  wliile  bringing 
ad(htional  support  to  the  interpretation  placed  on  the  remainder,  forms  a 
curious  illustration  ;  for,  as  is  seen,  the  reappearance  of  block  is  associated 
with  slowing  of  the  amicular  rhythm  ;  a  relation  of  a  very  unusual  kind 
and  one  to  which  we  shall  again  refer. 

Before  proceeding  to  comment  upon  these  records,  a  second  series  of 
curves,  taken  from  a  different  patient,  will  be  described. 


Second  observation. 

The  second  series  of  records  (Fig.  5)  was  taken  from  a  patient  eleven 
years  ago  ;  the  chnical  historj^  is  no  longer  available  ;  but  it  is  known  that 
the  curves  were  from  a  middle-aged  man,  suffering  from  a  chronic  condition 
of  partial  heart-block.  The  i-ecords  will  be  described  for  simpHcity  irrespec- 
tive of  their  chronological  order.  The  fii'st  (Fig.  5a)  is  a  simple  example  of 
partial  block,  displayed  by  &  PR  interval  of  nearly  0-4  of  a  second  in 
duration.  The  remaining  records  are  part  of  a  large  series  taken  during  a 
single  sitting  six  weeks  earher.  Fig.  56  presents  a  somewhat  higher  grade 
of  block  than  does  Fig.  5a.  The  P-R  intervals  are  prolonged  and  occasional 
responses  fail.  P^  and  P'  He  isolated  in  long  diastoles.  Tliis  is  the  contUtion 
usuallj'  described  as  that  of  "  dropped  beats."  When  a  beat  is  di-opped  out 
in  this  way,  the  ventricle  here  contracts  in  response  to  its  own  rhj^thm. 
Two  examples  of  such  escape  ( R^  and  P*)  are  shown  in  the  curve  and,  with 
each  of  these  ventricular  systoles,  a  rhythmic  auricular  systole  coincides 
(P*  and  P*,  respectively).  It  is  to  be  noticed  that  each  of  these  buried 
auricular  summits  immediately  succeeds  the  downstroke  of  the  R  deflection, 
in  fact  the  ui^stroke  of  P  coincides  with  the  deflection  S.  A  similar  mechan- 
ism is  displayed  in  the  tliird  curve  (Fig.  5c).  In  tliis  instance  there  are  three 
escaped  beats  and  P*,  P'  and  Pi"  coincide  with  them  ;  but  the  precise 
relation  of  the  auricular  to  the  correspoiiding  ventricular  systole  varies  a  little. 
P'  falls  earUest,  pi"  falls  a  httle  later  and  P*  falls  latest  in  systole.  P*  is 
followed  by  a  premature  beat  of  the  ventricle.  The  last  cm-ve  (Fig.  5d)  also 
displays  three  escaped  beats  with  coincident  auricular  systoles  ;  and  each 
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of  these  last  is  in  this  instance  followed  by  a  ventricular  beat.  All  three  of 
the  buried  auricular  systole  fall  relatively  late  in  the  coincident  ventricular 
systoles.  These  and  the  remaining  unpubhshed  exami^les  make  it  abundantly 
clear  that  the  anomalous  and  jiremature  beats  of  the  ventricle  are  in  reaUty 
responses  to  the  preceding  auricular  beats.  The  ventricular  beats  of  the 
series,  marked  x,  are  presumably  anomalous  because  they  are  jiremature, 
and  some  aberration  has  occurred  during  the  transmission  of  the  correspond- 
ing impulses  to  the  ventricle.  A  chart,  prepared  in  the  same  fashion  as 
Fig  .1,  is  shown  in  Fig.  2.  The  arrows  at  the  top  of  the  chart,  which  represent 
auricular  contractions,  are  arranged  in  two  Unes,  those  to  which  there  is  no 
response  above,  and  those  to  which  there  is  response  below.     The  aiuicular 


Fig.  2.    ( Case  2.)    A  o}iart  constructed  similarly  to  that  of  Fig.  1. 


systoles  as  a  whole  are  arranged  in  three  groups  ;  those  which  fall  with  the 
ventricular  systole  (the  buried  grouj))  ;  those  which  fall  in  early  diastole 
and  those  which  fall  in  later  diastole.  This  grouping  is  consecutive  to  the 
arrhythmia  with  which  we  are  deahng  ;  as  its  result  portions  of  the  cycle 
remain  untested.  The  auricular  systoles  to  which  there  is  no  response  fall 
in  two  groups  and  those  to  which  there  is  response  in  three  groups.  Of  the 
last,  two  are  separated  by  the  untested  gap  b.  There  is  no  reason  to  doubt 
that  response  wovdd  happen  to  any  aiu-icular  systole  faUing  in  this  gap  b, 
and  that  the  period  of  response  is  at  least  as  extensive  as  the  bracket  d. 
As  we  follow  the  auricular  systoles  backwards  over  this  period  d  it  is  found 
that  the  PR  intervals  rise  in  value  to  0  50  of  a  second  ;  overlapping  the 
beginning  of  tliis  period,  is  a  period  (between  the  0-6  and  0-7  time  lines) 
in  wliich  a  group  of  auricular  systoles  yield  no  response.  We  then  come  to 
the  untested  gap  a.     It  is  hardly  to  be  doubted  that  auricular  systoles 
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falling  in  the  lajst  part  of  gap  a  would  rarely  yield  response  and  that  the 
period  of  no  response  may  be  indicated  by  a  bracket  such  as  c,  though  the 
precise  length  of  this  phase  is  not  ascertainable.  Starting  now  at  the 
extreme  left  of  the  chart,  we  encounter  first  a  short  period  during  which 
the  aui'icular  systoles  fail  to  yield  response  ;  these  fall  with  the  initial  de- 
deflections  of  the  electrocardiograms,  and  are  shortly  followed  by  a  group  of 
auricular  systoles  which  jdeld  responses.  The  beginning  of  the  group  of 
responses  is  sharply  defined  at  0-08  of  a  second  from  the  zero  Une  and  extends 
as  far  as  the  0-20  second  line.  We  then  enter  once  more  the  untested  gap  a. 
It  is  probable  that  auricular  systoles  faUing  in  the  first  part  of  this  gap  would 
jaeld  responses.  The  P-i?  intervals,  when  response  actually  occurs,  average 
0-411  of  a  second  ;  although  the  first  response  measures  0-428  and  the  last 
0-358,  the  intervals  as  a  whole  are  irregular  and  show  no  very  decided 
tendency  to  decrease  as  they  are  traced  to  the  right.  The  average  PR 
interval  in  the  groups  of  responses  at  the  beginning  and  ending  of  period  d 
is  0-479  and  0-436,  respectively. 

To  sum  up  the  ventricular  cycle  as  a  whole  ;  in  its  initial  phase  auricular 
systoles  yield  no  responses  ;  responses  begin  when  the  auricular  systoles  fall 
0-08  of  a  second  after  the  ujastroke  of  R  and  this  phase  extends  to  the  0-2  line 
and  probably  ends  near  the  0-4  Une  ;  the  PR  intervals  of  this  phase  are  the 
shortest.  A  period  follows  in  wliich  j^resumably  there  would  be  no  response 
(part  of  bracket  c),  but  this  is  only  demonstrable  at  its  termination  and  here 
it  overlaps  a  period  of  response,  wliich  is  continued  throughout  the  rest  of  the 
cycle.  Thus  the  case  in  its  most  important  feature  resembles  the  fii'st  case 
described  ;  both  are  cases  of  heart-block  ;  in  both  responses  of  the  ventricle 
occur  in  a  very  early  phase  of  diastole,  while  in  later  phases  of  diastole 
responses  either  fail  entirely  or  occur  after  more  hesitation. 

Comments. 

The  observations  upon  the  first  case  described  are  the  most  complete  and 
the  conclusions  which  can  be  drawn  from  them  are  therefore  to  be  emphasised. 
The  events  in  this  case,  so  it  seems  to  us,  are  interpretable  on  one  assumption 
only,  namely,  that  a  process  (or  processes)  of  recovery  in  the  tissues,  following 
reponse,  passes  through  a  phase  comparable  to  what  has  been  described  as 
the  supernormal  phase.  When  nerve,  somatic  or  cardiac  muscle  is  tested  by 
means  of  stimuU  of  known  strength,  it  is  found  that  during  the  stage  of  actual 
response,  these  tissues  are  refractory  to  stimulation,  and  that  during  their 
recovery  from  tliis  state  of  absolute  refractoriness  they  pass  through  a 
condition  of  relative  refractoriness  ;  that  is  to  say,  they  will  respond  at  first 
to  stronger  stimuli  but  not  to  weaker  ones.  The  minimal  strength  of 
stimulus  required  gradually  decreases  until  it  becomes  constaixt.  The  curve 
of  recovery,  ascertained  in  this  way,  rises  somewhat  abruptly  and  passes 
through  a  rounded  shoulder  into  the  threshold  line.  In  certain  circumstances, 
as  Adrian  and  Keith  Lucas '  *  ^  have  shown,  the  curve  rises  at  first  above  the 
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threshold  at  an  early  phase,  and  falls  to  the  threshold  a  Uttle  later.  It  is 
this  early  rise  above  threshold  which  has  been  termed  the  supernormal 
phase,  and  it  has  been  shown  to  be  manifested  by  tissues  bathed  by  fluids 
in  a  relatively  acid  state.  Strictly  speaking,  perhaps,  we  are  not  entitled 
to  speak  of  a  phase  of  supernormahty  in  the  present  case,  since  the  tissues 
will  not  respond  to  stimuli  in  the  later  j^hases  of  diastole.  If  we  assume  that 
the  natural  stimuli  at  this  time  would  be  adequate  if  they  fell  on  normal 
tissue,  then  the  recovery  curve  Hes  during  this  phase  below  the  normal 
threshold  line,  as  it  is  represented  in  Fig.  1.  To  explain  the  mechanism  of 
resj)onse  over  the  whole  cycle,  we  must  suppose  either  that  the  natural 
stimuU  varj'  in  strength  in  conformity  wdth  the  recovery  curve  of  this  figure, 
or  that  the  variation  in  response  is  due  to  change  in  the  responsiveness  of 
the  tissues.  Either  would  in  fact  be  adequate  as  an  explanation,  but  since 
the  curve  follows  a  type  known  to  represent  tissue  recovery,  the  last 
explanation  is  at  present  the  more  acceptable.  We  suppose  therefore,  that 
this  clinical  patient  exhibits  the  phenomenon  displayed  by  nerve  and  muscle 
bathed  by  fluids  wliich  are  relatively  acid  ;  we  suppose  further  that  the  line 
of  recovery  as  a  whole  is  depressed.*  During  the  later  phases  of  diastole 
the  state  of  recovery  is  such  that  the  natural  impulses  are  inadequate  ; 
only  during  a  short  and  early  period  of  diastole,  where  there  is  an  overswing 
of  the  recovery  curve,  and  where  it  consequently  crosses  the  threshold  hne, 
are  they  adequate.  In  this  sense  we  may  speak  of  the  phase  of  response 
as  a  phase  of  supernormal  recovery  ;  the  P-R  intervals  in  this  phase  are 
actually  on  the  lower  limits  of  normality  ;  if  we  regard  them  as  shorter  than 
normal  for  this  patient,  then  we  should  be  deahng  with  a  phase  of  super- 
normahty, using  the  term  in  the  absolute  as  well  as  in  the  relative  sense. 
The  normal  intervals  estimated  two  days  later  averaged  0156  of  a  second 
(Fig.  4). 

We  have  avoided  so  far  two  questions  which  arise.  Firstly,  as  to  the 
precise  tissue  involved  and,  secondlj',  as  to  the  precise  tissue  function  which 
is  at  fault. 

In  regard  to  the  tissue  involved,  tliis  may  be  either  the  auriculo- 
ventricular  node,  the  bimdJe,  its  branches,  or  the  ventricle  itself.  Now 
a  good  deal  of  evidence  has  been  accumulated  to  show  that  in  heart- 
block  arising  from  diverse  causes,  such  as  increased  rate  of  ainicular  beating^i, 
asphyxia^^,  vagal  stimulation'  and  poisoning  with  such  bodies  as  -stro- 
phanthin^i,  etc.,  the  tissue  concerned  lies  in  the  main  stem  of  the  junctional 
tissues,  and  it  is  the  auriculo-ventricular  node  or  its  junction  with  the 
auiicle  that  appears  usually  to  be  affected.  A  priori,  therefore,  the  jmictional 
tissue  is  most  suspect  in  the  present  instance.  Amongst  other  evidence  put 
forward  for  the  junctional  tissues  as  the  susceptible  point  is  the  fact  that  in 
general,  when  heart-block  occurs,  there  is  no  evidence  from  the  form  of  the 

f  *  The  same  general  depression  is  presumably  present  in  a  muscle  lying  in  a' relatively  acid 
medium,  and  the  use  of  the  term  supernormal  in  that  instance  is  open  to  a  similar  objection. 
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electrocardiograpliic  curves  that  the  block  occurs  below  the  level  of  the 
bundle's  division  ;  on  the  contrary,  the  evidence  obtained  from  these  curves 
points  to  the  block  being  situated  above  this  level.  Similar  evidence  exists 
in  the  present  case.  When  the  impulses  are  effective,  the  form  of  the 
ventricular  complex  is  normal  (responses  marked  x  in  the  records),  showing 
that  the  ventricle  is  sujjplied  by  impulses  passing  normally  through  both 
the  right  and  left  stem  of  the  bundle  and  normally  distributed  through  the 
end-branches  ;  and  tliis  is  so  whether  the  response  is  prompt  or  is  hesitating. 
If  the  block  were  situate  in  the  arborisation  or  in  the  ventricle  itself,  this 
could  hardly  occur  unless,  when  the  resjjonse  was  hesitating,  a  uniform  degree 
of  hesitancy  was  displayed  by  several  or  a  large  number  of  tissue  elements 
scattered  throughout  the  ventricle.  From  analogy  "nith  other  instances  of 
heart-block  and  from  this  internal  evidence,  we  conclude  that  the  blocking 
point  was  probablj'  situate  in  the  junctional  tissvies.  Incidentally  it  is  to  be 
stated  that  in  previous  records  in  wliich  block  of  the  type  seen  in  tliis  patient 
has  occurred,  block  miassociated  with  abnormally  long  transmission  intervals, 
lesions, have  been  foimd  in  the  tissues  named^  (see  also  Mobitz's  recent 
paper)!'*.  ^Vben  the  overswing  of  the  recovery  curve  is  drawai  in  relation 
to  the  abscissae  of  oiu-  chart  (Fig.  1),  it  might  be  drawn  to  correspond  with  the 
ventricular  responses,  or  at  an  intermediate  point,  according  to  the  view 
taken  of  the  precise  blocking  point.  It  has  actually  been  placed  on  early 
abscissae.* 

As  to  the  precise  tissue  function  at  fault  the  facts  are  less  clear.  The 
conduction  intervals,  when  response  occurs,  are  all  witliin  normal  limits,  the 
slight  widening  which  occurs  as  the  responses  are  traced  from  right  to  left 
may  be  regarded  as  a  return  to  normal  from  supernormaUty.  There  is  no 
evidence  in  these  intervals  to  suggest  that  a  hj^Dothetical  function 
"  conductivity  "  is  implicated.  The  block  displayed  is  of  a  tj^pe  long  recog- 
nised, namely,  one  in  which  ventricular  beats  are  abruptly  dropped,  the 
mcchaiusm  being  otherwise  quite  normal  ;  in  tliis  it  contrasts  with  the  more 
usual  form,  wdiere  lack  of  response  is  foreshadowed  by  notable  prolongations 
of  the  conduction  intervals,  as  in  our  second  case.  The  passage  from  block 
to  normal  transmission  and  back  again  is  abrupt  in  cases  of  the  first  type  ; 
it  is  abrupt  w^here  it  occurs  in  the  curves  of  our  patient,  and  tliis  is  consistent 
with  the  speedy  recovery  of  a  completely  natural  heart  mechanism  (Fig.  4). 
Fig.  3c  in  realitj^  displays  a  short  period  of  normal  rhythm,  buried  in  the 
centre  of  a  phase  of  complete  block.  The  case  is  comparable  in  this  respect 
to  those  rather  rare  cases  in  which,  without  w^arning,  the  ventricle  ceases 
to  beat  for  periods  sufficient  to  produce  unconsciousness,  while  before  and 
after  the  standstill  of  the  ventricle,  the  conduction  intervals  are  perfectly 
normal  (see  a  recent  paper'  and  references  there  given).     There  are  also 

*  To  correspond  to  block  in  tlie  node,  the  curve  sliould  come  at  a  somewhat  later  phase  than 
it  is  here  represented  ;  but,  as  the  precise  time  relations  are  indeterminable,  it  is  placed  for 
simplicity  opposite  the  auricular  systoles. 
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instances  of  chronic  complete  heart-block,  such  as  that  investigated  by 
Wilkinson'^  in  which,  at  the  end  of  a  period  of  ventricular  standstill,  the 
ventricle  responds  to  each  auricular  beat.  It  is  noteworthy  that,  in  that 
instance,  the  response  occurs  as  an  association  of  a  quickened  auricular 
rhythm,  as  it  does  in  Fig.  3c  also.  In  thinking  of  the  function  at  fault  in 
our  first  case,  it  will  be  evident  that  we  have  variations  of  "  excitabiUty  " 
chiefly  in  mind,  though  our  interpretation  is  taken  as  far  as  seems  justifiable 
if  we  conclude  that  the  changes  occur  in  the  responsiveness  of  the  tissue 
concerned. 

The  second  case  differs  in  one  essential  from  the  first,  in  that  long 
transmission  intervals  are  always  displayed  whether  the  respon.ses  are  in 
early  or  in  late  diastole.  There  is  at  no  time  a  phase  during  which  the 
conduction  intervals  even  approach  normaUty.  Nevertheless  the  events  in 
early  diastole  are  obviously  to  be  interpreted  as  overswing  of  the  recovery 
curve  towards  normal.  As  to  the  tissue  involved  in  this  second  ca.se,  the 
direct  evidence  is  less  clear  than  in  the  first,  since  the  early  responses  yield 
an  anomalous  form  of  ventricular  response.  Interpreting  these  anomalous 
beats  as  they  are  now  usually  interpreted,  a  local  defect  in  a  bundle  branch 
is  to  be  assumed,  which  is  developed  as  a  con.sequence  of  the  beat's 
prematurity.  Tliis  defect  is  distinct  from  that  which  jaelds  long 
transmission  intervals  from  auricle  to  ventricle,  since  the  usual  form  of 
ventricular  resi^onse  is  normal.  The  assumption  of  a  branch  defect,  however, 
leads  us  to  the  conclusion  that,  while  the  recovery  curve  of  the  tissues 
responsible  for  the  main  and  permanent  defect  is  swinging  towards  normal, 
recovery  in  the  bundle  branch  is  depressed.  This  does  not  invahdate  the 
assumption.  The  anomalous  beat  represents  a  defective  ventricular  response 
of  some  kind  and,  however  we  explain  it,  the  same  difficulty  is  experienced, 
since  the  defect  is  coincident  with  the  phase  of  greatest  recovery  in  the 
tissues,  which  conduct  the  impulse  from  auricle  to  ventricle,  treated  as  a 
whole. 

In  explaining  our  second  case  it  is  unnecessary  to  postulate  an  overswing 
in  the  recovery  curve  of  a  sei^arate  function  "  conductivity."  The  separate- 
ness  of  "  excitabiUty  "  and  "  conductivity  "  so  called  is  not  proved,  and  the 
long  transmission  intervals,  displayed  by  the  second  case,  are  not  necessarily 
due  to  changed  rate  of  fibre  conduction,  but  may  be  exjjlained  equally  well 
in  terms  of  impulse  strength  or,  preferably,  in  terms  of  responsiveness  of  the 
tissue  involved.  It  would  be  impossible  adequately,  and  at  the  same  time 
briefly,  to  discuss  the  general  and  fundamental  problem  of  muscle  function 
raised  ;  and,  as  its  full  consideration  here  would  be  out  of  place,  it  must 
suffice  if  the  more  relevant  points  are  dealt  with  summarily.  A  defect  in 
conduction  rate,  wliile  it  may  explain  lengthened  PR  intervals,  does  not 
explain  an  absence  of  response  ;  an  absence  of  response  means  that  the 
impulse  fails  to  jiroceed  beyond  a  certain  point.  There  is,  so  far  as  we  are 
aware,  no  sufficient  evidence  that  such  failure  to  proceed  can  be  attributed 
to  a  defect  in  a  primary  and  independent  function  "  conductivity  "  ;  the 
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instant  the  impulse  fails  to  proceed,  the  idea  at  once  comes  that  the  succeeding 
section  of  tissue  refuses  to  accept  the  stimulus,  either  because  that  stimulus  is 
inadequate,  or  the  tissue  is  at  the  moment  inexcitable  to  stimuli  of  natural 
strength.  Moreover,  a  defect  in  "  conductivity  "  need  not  be  invoked,  even 
in  explaining  prolonged  conduction  intervals.  Changes  in  the  rate  of 
conduction  may  be  conceived  in  terms  of  stimulus  strength  and  responsive- 
ness. Thus  conduction  rate  may  be  reduced  by  partial  refractoriness  of  the 
muscle  fibres,  a  state  in  which  some  fibres  fail  to  respond  owing  to  the  greater 
duration  of  their  individual  refractory  periods^".  If  we  accept  the  membrane 
theory  of  propagation,  then  the  rate  of  conduction  depends  upon  the  strength 
of  the  action  current,  a  stronger  current  being  capable  of  stimulating  at  a 
greater  distance,  and  upon  the  responsiveness  of  the  tissue  (see  Lillie^^  and 
others^**).  Actually,  a  prolonged  PR  interval  is  no  proof  of  lowered 
conduction  rate  either  in  individual  muscle  fibres,  or  from  fibre  to  fibre  in 
the  heart.  The  general  tendency  of  phj'siological  thought  to-daj'  is  towards 
a  simplified  conception  of  cardiac  muscle  function,  a  conception  in  which 
"  conductivity  "  and  "  excitabiUty  "  find  no  place  as  separate  and  distinct 
quahties.*  It  may  seem  improbable  that  the  phenomenon  of  overswing  in 
the  recovery  curve  exliibited  has  in  each  of  our  two  patients  precisely  the 
same  iinderljing  cause,  seeing  that  they  display  difl^erent  types  of  heart-block. 
When  it  becomes  kno-mi  in  what  fundamental  respect,  if  any,  these  two 
tj'pe.s  of  heart -block  differ  from  each  other,  then  only  shall  we  be  in  a  position 
to  decide  whether  the  overs\^ing  has  in  the  two  a  common  basis  of  origin. 
The  terms  in  which  the  overswing  is  described  must  so  far  as  possible  be  the 
terms  of  physiological  thought  ;  these  still  remain  unstable. 

The  cases  here  reported,  and  especially  Case  1,  are  of  interest  from  a 
further  point  of  view.  In  a  recent  series  of  articles,  Kaufmann  and 
Rothberger''  *  ®  have  explained  certain  forms  of  irregularity,  hitherto  termed 
extrasystolic,  as  resulting  from  the  interference  of  two  sejjarate  rhythms 
(parasystole).  There  is  a  variety  of  case  which  they  desire  to  include  in 
this  category,  in  wliich  the  couphng  of  extrasystoles  to  the  beats  wluch 
jjrecede  them  is  accurate  or  almost  so,  and  in  which  it  is  also  necessary  to 
assume  that  the  rhji;hm  responsible  for  the  premature  beats  is  the  faster 
of  the  two.  In  our  present  Case  1,  a  slow  and  regular  ventricular  rhji;hm 
is  disturbed  by  occasional  responses  to  a  rhj^thm  of  much  faster  rate  arising 
in  the  auricle  ;  the  resulting  ventricular  rhj-thm  is  often  a  bigeminal  action 
of  the  ventricle,  the  bigeminy  displacing  almost  accurate  coupUng  (Fig.  36). 
The  events  therefore  are  parallel,  though  they  are  not  identical,  with  those 
which  Kaufmann  and  Rothberger  postulate  in  their  cases.  One  of  the  chief 
difficulties  encountered  in  accepting  certain  of  Kaufmann  and  Rothberger's 
cases  as  instances  of  parasystole,  is  that  of  \nider.stanchng  how  two  rhythms, 
of  independent  rate  and  having  no  simple  mathematical  relation  to  each 

*  Some  remarks  and  references  to  the  views  of  other  writers,  relevant  to  this  question,  will  be 
found  in  a  recent  paper  by  one  of  us*. 
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other,  can  yield  in  one  and  the  same  heart  chamber  responses  wliich  tend  to 
arrange  themselves  in  accurate  couplas.  It  is  easier  to  understand  that 
they  can  jdeld  an  irregularity  in  which  the  couphng  is  inaccurate.  The 
present  case  illustrates  one  mechanism  by  means  of  which  couj^Ung  more  or 
less  accurate  can  result.  The  chamber,  in  which  the  irregularity  occurs, 
beats  in  response  to  a  slow  rhythm,  and  is  also  capable  of  responding,  during 
the  phases  of  supernormal  recovery  from  these  responses,  to  impulses  which 
are  received  from  a  second  and  more  rapidly  acting  centre.  Re.sponse  to 
this  second  centre  is  confined,  however,  to  a  short  phase  of  the  recovery 
curve,  the  stimuli  being  inadequate  in  all  other  parts  of  the  cycle,  and 
more  or  less  accurate  coupling  consequently  results.  Inadequacy  of  the 
stimuU  over  the  last  parts  of  diastole  is  also  a  necessary  postulate  in  the 
theory  of  parasystole  as  it  is  put  forward,  when  it  is  supposed,  as  it  usually 
is  supposed,  that  the  rh}i;hm  underlying  the  extrasystolic  beats  is  a  fast  one 
This  phenomenon,  which  has  been  named  "  austrittsblockierung  "  in  the 
theory,  has  remained  hypothetical  and  hitherto  does  not  seem  to  have  found 
so  clear  an  illustration  as  the  present  one  to  support  it. 

Summary. 

1.  A  clinical  case  is  described  in  which  complete  heart-block  is  disturbed 
by  the  transmission  of  impulses  from  auricle  to  ventricle.  These  responses 
are  seemingly  in  every  way  normal  but  occur  over  a  hmited  reach  of  the 
cycle.  The  tissue  involved  is  thought  to  be  the  auriculo-ventricular  node. 
The  phase  of  pecuUar  responsiveness  falls  early  in  the  cycle  and  is 
comparable  to  the  overswing  of  the  recoverj'  curve  which  has  been 
termed  the  "  supernormal  phase." 

2.  A  second  case  is  described,  which  i:)resents  a  similar  phenomena, 
though  it  differs  from  the  first  in  manifesting  long  conduction  intervals 
between  auricle  and  ventricle. 

3.  The  cases  described  lend  some  support  to  the  theorj'  of  parasystolic 
irregularities  put  forward  by  Kaufmann  and  Rothberger  ;  their  bearing 
upon  tliis  theory  is  briefly  discussed. 
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THE    INFLUENCE   OF   HYDROGEN-ION   CONCENTRATION   UPON 

CONDUCTION    IN    THE    AURICLE    OF    THE    PERFUSED 

MAMMALIAN   HEART.* 

By  A.  N.  DRURY  and  E.  COWLES  ANDRUS.t 
{From  the    Cardiac   Departvient,    University    College    Hosjrital   Medical 

School.) 


In  a  previous  paper  by  one  of  us^,  it  has  been  shown  that  the  duration  of 
the  P-i?  interval  is  intimately  associated  with  the  hjxlrogen-ion  concentration 
of  the  fluid  used  to  perfuse  the  heart,  being  shortened  by  perfusates  more 
alkaUne,  and  lengthened  by  perfusates  less  alkahne  than  normal.  As  this 
interval  represents  the  time  taken  bj^  the  excitation  wave  to  traverse  not 
only  the  auricle  but  also  the  specialised  tissue  of  the  A-V  node  and  bundle 
it  does  not  indicate  the  influence  of  the  hydrogen-ion  concentration  ujDon 
the  rate  of  conduction  in  auricular  muscle.  To  investigate  tliis  point  in 
more  detail  the  present  study  was  undertaken. 

The  dog's  heart  was  used  exclusively  in  these  experiments  ;  it  was 
isolated  and  perfused  by  the  method  already  described^,  except  that 
it  was  not  removed  from  the  thorax.  Locke's  solution  of  standard 
composition  was  used  as  a  perfusate,  which  was  thoroughly  oxygenated, 
warmed  to  37°C.  in  glass  coils  placed  in  a  thermostatic  tank  and  perfused 
through  the  heart  under  a  constant  pressure  of  oxygen  at  50-80  mm.  of 
mercury.  The  reaction  of  the  perfusate  was  adjusted  by  means  of  decinormal 
hydrochloric  acid  or  socUum  hydroxide,  and  checked  with  j^henol  red 
against  a  standard  indicator  series. J  The  abnormal  perfusates  were  usually 
allowed  to  flow  for  five  or  ten  minutes  when  a  normal  perfusate  was  again 
introduced. 


*  Observations  undertaken  on  behalf  of  the  Medical  Research  Council. 

t  Fellow  in  Medicine  of  the  National  Research  Council,  U.S.A. 

J  Perfusate  of  three  diSerent  hydrogen-ion  concentrations  were  used,  namely,  Pii  7'0,  Pu 
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The  heart  was  slung  in  the  pericardium  to  the  thoracic  walls  and  the 
right  auricle  stretched  out  by  means  of  a  thread  attached  to  the  tip  of  the 
auricular  appencUx,  in  the  dorsal  wall  of  wliich  a  small  cut  was  made  through 
wliich  the  perfusate  flowed  from  the  auricle,  ensiiring  a  rapid  change  of 
fluid  throughout  this  chamber.  The  perfusate  which  discharged  both  from 
the  pulmonary  artery  and  auricle  escaped  from  the  thorax  through  openings 
made  in  the  chest  wall  below  the  level  of  the  heart.  The  conduction  rate 
was  examined  by  placing  in  Une  upon  the  auricular  muscle  two  or  three 
pairs  of  non-polarisable  electrodes  ;  each  pair  was  connected  to  a  galvano- 
metric  string,  and  timed  the  arrival  of  the  excitation  wave  at  the  various 
points  of  contact  on  the  auricular  surface.  Electrical  records  were  easily 
obtained  from  the  auricular  muscle  throughout  these  experiments  which 
were  of  short  duration  ;  if,  however,  the  heart  was  perfused  for  an  hour  or 
more,  it  became  difficult  to  obtain  satisfactory  electrical  records,  possibly 
on  account  of  the  formation  of  oedema.  The  rate  of  conduction  in  the 
auricle  was  measured  both  with  the  heart  beating  naturally  and  responding 
to  rhythmic  shocks  appUed  to  the  auricular  muscle  at  rates  ranging  from 
100-200  per  minute.  To  test  the  effect  of  vagal  stimulation  upon  conduction, 
acetyl-choUne  was  used,  since  a  short  time  after  the  perfusion  commences 
stimulating  the  vagus  in  the  neck  fails  to  produce  any  effect.  Doses  of  this 
drug,  sufficient  to  produce  a  profound  vagal  effect,  were  introduced  into  the 
tubing  carrying  the  perfusate  and  observations  made  as  soon  as  ventricular 
standstill  occurred.  Owing  to  the  sensitivity  of  the  heart  to  lack  of  oxygen 
and  to  the  difficulty  of  ensuring  a  sufficient  supply  of  this  gas,  the  experiments 
were  carried  through  rapidly,  and  onlj'  exceptionally  were  readings  taken 
more  than  one  hour  after  the  normal  blood  supply  had  been  stopped. 


Normal  perfusates  (P,,  7-4). 

When  the  heart  is  perfused  with  a  well-oxygenated  Locke's  solution 
of  Ph  7-4  the  rate  of  conduction  in  the  auricle  approximates  700-1,000  mm. 
per  second,  both  in  the  naturally  beating  heart  and  in  that  responding  to 
rhythmic  shocks  ;*  rates  which  are  similar  to  those  consistently  obtained 
when  the  coronary  circulation  is  intact.  The  rate  of  conduction  remains 
the  same  whether  the  excitation  wave  is  travelling  from  the  body  of  the 
auricle  to  the  tip  or  vice  versa,  the  muscle  conducting  equally  well  in  both 
directions.  The  electrical  records  obtained  directly  from  the  auricular 
muscle  are  normal  in  all  respects.  Such  oxygenated  perfusates  are  foiuid  to 
maintain  constant  and  normal  rates  of  conduction  for  long  periods,  but  in  the 
absence  of  oxygen  lower  rates  prevail.  This  is  shown  by  two  experiments 
in  which  the  oxygen  in  the  perfusate  was  replaced  by  nitrogen,  so  that  the 


*  "  Controls  "  of  tables  following. 
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heart  received  an  unoxj^genated  perfusate  of  Pjj  7-4.  Thus  in  Table  I 
the  rate  of  conduction  in  the  auricle  is  decreased,  but  the  effect  does  not 
become  considerable  for  5  to  10  minutes  ;  the  P-B  interval  is  lengthened  in 
the  first  minute.  Auricular  muscle,  therefore,  is  much  less  sensitive  to 
oxygen  want  than  are  the  junctional  tissues. 


TABLE  I. 
Influence  of  oTygen-Jree  perfu.iate.  upon  transmission  in  the  auricle.     Perfusate  (Pu  7-4). 


Auricular 

Time  in 

Rhrtlmiic 

transmission 

P-R 

Dog. 

Muscle  investigated. 

mins. 

rate. 

interval. 

interval. 

U.  V. 

Body     of    right    auricle. 

0 

163 

00254 

0-15 

16  mm.  of  muscle. 

1 

163 

00255 

0-17 

4 

163 

00254 

0-21 

7 

163 

00295 

0-28 

10 

163 

0-0324 

2 : 1  block 

U.  Y. 

Appendix   and    body     of 

0 

133 

00325 

0-12 

right  auricle.    24  mm.  of 

1 

133 

00339 

0-13 

muscle. 

5 

133 

0-0327 

0-22 

10 

133 

0-0357 

2  :  1  block 

Acetyl-choUne,  in  doses  sufficient  to  produce  a  profound  vagal  effect, 
has  no  constant  or  definite  in  fluence  upon  the  rate  of  conduction  in  a  perfused 
auricle  beating  rh\-thmically  at  rates  of  about  150  per  minute  (Table  II). 
Tliis  result  is  to  be  expected,  for  observations  upon  the  intact  animal  have 
consistently  shown  that  vagal  stimulation  does  not  influence  normal 
conduction  in  mammahan  auricular  muscle*. 


More  alkaline  perfusates  (Pu  7-8). 

When  a  more  alkaline  perfusate  is  used  (Pu  7-8)  the  rate  of  conduction 
is  constantly  increased,  being  usually  about  10  per  cent,  faster  than  the 
normal  value,  but  on  occasions  reaching  1,300  mm.  per  second.  Such  rates 
are  given  both  bj^  the  heart  beating  naturally  and  by  that  responding  to 
rhythmic  shocks  at  rates  of  about  150  per  minute  (Tables  III  and  IV).  In 
the  former  circumstance,  the  sinus  rate  is  also  enhanced,  so  that  the  increased 
rate  of  conduction  occurs  with  an  accelerated  heart  rate,  the  two  phenomena 
moving  hand  in  hand.  In  the  latter,  the  increased  conduction  occurs 
whether  the  excitation  wave  is  travelUng  from  the  body  of  the  auricle  to  the 
appendix  or  vice  versa  and  uniform  throughout  the  muscle.  If,  after  5  to  10 
minutes,  a  perfusate  of  P„  7-4  is  again  introduced  both  the  conduction  rate 
and  the  sinus  rate  fall,  approximating  their  original  values.  The  electrical 
deflections  during  the  more  alkahne  perfusions  show  no  obvious  change  in 
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form  from  those  obtained  during  a  normal  perfusion,  but  by  fine  measurement 
the  upstroke  of  the  deflection  is  found  to  be  steeper.  In  one  exiieriment  the 
oxj-gen  in  the  perfusion  solution  of  Ph  7-8  was  replaced  by  nitrogen.  In  tliis 
circvimstance  the  conduction  rate,  after  an  initial  increase,  was  slowed,  but 
the  latter  effect  was  long  delayed,  appearing  only  after  25  minutes  had 
elajised  (Table  V),  although  the  P-R  interval  became  prolonged  in  the  first 
few  minutes.  With  alkaline  as  opposed  to  normal  perfusates,  therefore, 
aiuicular  muscle  is  able  to  withstand  lack  of  oxygen  for  a  considerably  longer 
time  without  the  conduction  rate  falling  ;  the  junctional  tissues,  however, 
are  still  very  sensitive  to  oxj-gen  lack. 


TABLE  III. 


Influence  of  hydrogen- 


concentration  upon  transmission  in  the  auricle  {naturally  beating  heart). 
Normal  to  more  alkaline  perfusate. 


Natural 

Trans  missioQ 

Transmission 

Dog. 

Muscle  investigated. 

Ph. 

rate. 

interval. 

rate. 

U.S. 

Appendix  of  right  auricle. 

7-4 

107 

0  0104 

914 

15  mm.  of  muscle. 

7-8 

115 

(i(ll.-,2 

984 

7-8 

145 

0(.)140 

1070 

7-8 

162 

0-0155 

9S0 

7-4 

115 

0-0146 

1028 

7-4 

115 

0-0164 

914 

7-4 

115 

0-0158 

950 

U.S. 

TEenia  15  mm.  of  muscle 

7-4 

85 

00158* 

950 

7-8 

86 

0-0149* 

1007 

7-S 

95 

0-0155* 

980 

7-8 

92 

0-0140* 

1070 

7-8 

95 

0-0133* 

1130 

7-8 

97 

0-0128* 

1170 

7-4 

80 

00164* 

915 

U.V. 

Body      of      right      auricl   . 

7-4 

93 

0-0176* 

910 

16  mm.  of  muscle. 

7-8 

139 

0-0160* 

0 

7-8 

162 

0-0155* 

1032 

7-8 

162 

0-0163* 

981 

7-4 

133 

0-0207* 

774 

U.W. 

Body      of      right      auricle. 

7-4 

150 

00114 

1050 

12  mm.  of  muscle. 

7-8 

182 

0-0092 

1303 

7-4 

158 

0-0122 

984 

u.x. 

Body      of      right      auricle. 

7-4 

120 

00139 

864 

12  mm.  of  muscle. 

7-8 

150 

00123 

980 

7-8 

133 

00135 

888 

7-4 

111 

0-0147 

816 

7-8 

136 

00127 

945 

7-4 

115 

00133 

902 

7-4 

122 

00141 

S50 

*  Three  pairs  of  non-polarisable  electrodes  were  used  in  these  experiments.  The  interval 
between  the  arrival  of  the  excitation  wave  at  the  proximal  and  distal  contact  only  is  given,  as 
the  excitation  was  found  to  be  travelling  at  the  same  rate  through  the  two  successive  stretches  of 
muscles. 
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TABLE  IV. 

Influence  of  hydrogen-ion  concentration  upon  transmission  in  the  auricle  (rhythmically  driven  heart). 
Normal  to  more  alkaline  perfusate. 


Rhytlmiic 

Transmission 

Transmission 

Dog. 

Muscle  investigated. 

Pu. 

rate. 

interval. 

rate. 

V.R. 

Appendix   of   right   auricle. 

7-4 

125 

00175 

857 

15  mm.  of  muscle.    Stim. 

7-8 

125 

00131 

1145 

at  body. 

7-4 

125 

00152 

987 

7-4 

125 

00162 

926 

U.S. 

TaeniB.      15  mm.  of  muscle. 

7-4 

158 

00191* 

785 

7-8 

158 

00174* 

862 

7-8 

158 

0-0172* 

872 

7-8 

158 

00164* 

915 

7-8 

158 

00161* 

932 

7-8 

158 

0-0171* 

877 

7-4 

158 

0-0206* 

728 

U.T. 

Body      of     right     auricle. 

7-4 

150 

00156 

962 

15  mm.  of  muscle.    Stim. 

7-8 

150 

0-0145 

1034 

at  body. 

7-8 

150 

0-0140 

1071 

7-4 

150 

00174 

862 

U.U. 

Body     of     right     auricle. 

7-4 

163 

0-0164 

976 

16  mm.  of  muscle.  Stim. 

7-8 

163 

00151 

1060 

at  body. 

7-4 

163 

00158 

1013 

7-4 

163 

00160 

1000 

U.V. 

Body      of      right      auricle. 

7-4 

103 

0-0187* 

856 

16  mm.  of  muscle.  Stim. 

7-8 

163 

0-0160* 

1000 

at  body. 

7-8 

163 

00163* 

982 

7-4 

163 

00187* 

856 

7-8 

163 

00170* 

941 

7-8 

163 

0-0163* 

982 

7-4 

163 

0-0215* 

744 

r.E. 

Body     of     right     auricle. 

7-4 

177 

0-0126 

952 

12  mm.  of  muscle.  Stim. 

7-8 

177 

00105 

1143 

at  tip  of  appendix. 

7-8 

177 

0-0107 

1122 

*  See  footnote.  Table  UI. 


Influence  of  oxygen-free  perfusate  upon  transmission  in  the  auricle.     Perfusate  (Ph  7-8).    Controlled 
auricular  rate=  171  per  minute. 


Auricular 

Time  in 

transmission 

P-R 

Dog. 

Muscle  investigated. 

mms. 

interval. 

interval. 

V.N. 

Body   of    appendix.      16  mm.    of 

0 

0-0280 

015 

muscle. 

3 

00272 

0-16 

6 

0-0254 

0-17 

7 

00242 

0-25 

13 

00233 

0-25 

16 

0-0246 

0-26 

20 

00271 

0-30 

28 

0-0318 

2  :  1  block. 

33 

0-0351 

2  :  1  block. 

45 

0-0424 

2  :  1  block. 
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Profound  vagal  stimulation,  brought  about  by  injecting  acetj'l-choline, 
has  no  definite  or  constant  influence  upon  the  enhanced  rates  of  conduction 
(Table  VI). 
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Less  alkaline  perfusates  (P^  7-0). 

If  the  heart  is  jjerfused  with  less  alkaline  fluids  (P^  7-0)  the  rate  of 
conduction  is  always  decreased.  Tables  VII  and  VIII  show  the  results  of  a 
series  of  perfusions  of  5-10  minutes'  duration  interposed  between  normal 
perfusions.  With  the  heart  beating  naturally  (Table  VII)  the  less  alkaUne 
perfusates  always  retard  the  cardiac  rate,  so  that  a  slow  rate  of  conduction 
and  beating  are  associated.  In  hearts  responding  to  rhythmic  stimuU  a 
decreased  conduction  rate  is  observed  whether  the  wave  is  forced  from  the 
body  or  tip  of  the  auricular  appendix.  The  fall  in  conduction  rate  is 
apparently  uniform  throughout  tiie  muscle.  Upon  returning  to  a  normal 
perfusate  (P,,  7-4)  the  rate  of  conduction  rises  to  its  original  value  and 
generally  the  original  sinus  rate  is  restored.     If  the  oxj'gen  in  such  a  perfusate 

TABLE  VII. 

Influence  of  hydrogen-ion  concentration  upon  IransminsioH  in  the  auricle  (naturally  beating  heart). 
Normal  to  less  alkaline  perfusate. 


Dog. 

Muscle  investigated. 

Ph. 

Natural 
rate. 

Transmission 
interval. 

Transmission 
rate. 

U.R. 

Appendix     of     right    auricle. 
15  mm.  of  muscle. 

7-4 
7-0 
7-4 

116 
91 
125 

00135 
0-0163 
0-0128 

1111 
920 
1172 

U.S. 

Tsenia  15  mm.  of  muscle 

7-4 
7-0 
7-4 

80 
65 
79 

0-0164* 
00171* 
0-0160* 

915 

877 
938 

u.r. 

Body  of  right  auricle.    16  mm. 
of  muscle. 

7-4 
7-0 
7-4 

133 
60 
125 

0-0207* 
0-0230* 
0-0223* 

773 
696 
717 

u.w. 

Body  of  right  auricle.    1 2  mm. 
of  muscle. 

7-4 
7-0 

158 
90 

0-0122 
0-0170 

984 
706 

See  footnote,  Table  III. 


is  replaced  by  nitrogen  the  rate  of  conduction  falls  jarofoundly,  and  reaches 
in  a  few  minutes  such  values  as  400-300  mm.  per  second.  Moreover, 
in  these  circumstances  the  rate  of  conduction  fails  to  be  uniform  throughout 
the  muscle,  the  excitation  wave  slowing  down  in  speed  as  it  passes  through 
the  muscle  from  the  point  stimulated  (Table  IX).  For  instance,  if  three 
paired  non-polarisable  electrodes  are  placed  equidistantly  and  in  Une  upon 
the  body  and  tip  of  the  appendix,  and  rhythmic  shocks  are  appUed  to  the 
body  of  the  auricle,  in  some  instances  the  rate  of  conduction  between  the 
proximal  and  middle  electrodes  is  quicker  than  between  the  middle  and  distal 
electrodes  ;  in  other  instances  the  chstal  electrodes  fail  to  show  a  response 
of  the  underlying  muscle  to  alternate  stinuih,  wliile  the  middle  and  proximal 
electrodes  still  record  a  response  to  all.     Later,  the  muscle  under  the  distal 
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TABLE  VIII. 

Influence  of  hydrogen -ion  concentration  upon  transmission  in  the  auricle  {rhythmically  driven  heart). 

Xormal  to  less  alkaline  perfusate. 


Rhj'thmic 

Transmission 

Transmission 

Dog. 

Muscle  investigated. 

Pa. 

rate. 

interval. 

rate. 

U.N. 

Appendix    of    right    auricle. 

7-4 

100 

0-0177 

678 

12  mm.  of  muscle.     Stim. 

7-4 

100 

00188 

638 

at  base. 

70 

100 

00237 

506 

70 

100 

00222 

540 

7-4 

100 

00216 

556 

7-4 

100 

0-0194 

619 

Stim.  at  tip  of  appendix 

7-4 

100 

0-0174 

690 

7-4 

100 

0-0186 

645 

7-0 

100 

0-0234 

513 

70 

100 

0-0212 

566 

U.E. 

Appendix     of    right    auricle. 

7-4 

136 

00158 

949 

15  mm.  of  muscle.     Stim. 

7-0 

136 

0-0183 

820 

at  body. 

7-4 

136 

0-0158 

949 

U.S. 

Taenia.      15    mm.    of   muscle. 

7-4 

145 

00198* 

758 

7-4 

145 

0-0198* 

758 

7-0 

145 

0-0226* 

664 

7-0 

145 

0-0232* 

647 

7-4 

145 

0-0206* 

728 

7-4 

145 

0-0197* 

762 

U.V. 

Body  of  right  auricle.    1 6  mm. 

7-4 

163 

00215* 

744 

of  muscle.  Stim.  at  body. 

70 

163 

0-0262* 

611 

70 

163 

0-0286* 

559 

7-4 

163 

00234* 

684 

U.Z. 

Appendix  and  body   of  right 

7-4 

162 

0-0310* 

774 

auricle.    24  mm.  of  muscle. 

70 

162 

0-0385* 

623 

Stim.  at  body. 

70 

162 

0-0451* 

532 

V.A. 

Appendix  and  body  of  right 

7-4 

130 

0-0205* 

1171 

auricle.    24  mm.  of  muscle. 

70 

130 

0-0354* 

678 

Stim.  at  body. 

7-4 

130 

0-0249* 

965 

V.B. 

Appendix  and  body  of  right 

7-4 

130 

0-0381* 

630 

auricle.    24  mm.  of  muscle. 

70 

130 

0-0408* 

588 

Stim.  at  tip  of  appendix. 

70 

130 

0-0428* 

5(J0 

7-0 

130 

0-0497* 

4S3 

■  See  footnote,  Table  III. 


electrode  entirely  fails  to  respond,  while  that  beneath  the  middle  and  proximal 
electrodes  still  responds  rhj-thmicaUy.  Slowing  of  the  wave  in  its  i^assage, 
and  failure  to  reach  the  more  distal  parts  of  the  auricle,  occm-s  whether  the 
rhythmic  stimuU  are  appUed  to  the  body  or  appendix  of  the  auricle.  More- 
over, in  one  experiment  the  rhythmic  shocks  were  apphed  at  the  beginning 
to  the  body  and  later  to  the  tip  of  the  appendix ;  the  wave  slowed  in  its 
course  in  both  circumstances  ;  it  travelled  slower  as  it  moved  towards  the 
tip  of  the  appendix  in  the  one  case,  towards  the  body  of  the  auricle  in  the 
other.     The  fact  that  stimulation  of  the  body  of  the  auricle  or  the  tip  of  the 
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appendix  is  followed  bj^  block  as  a  distance  indicates  that  tliis  phenomenon  is 
not  due  to  unequal  distribution  of  the  perfusate,  but  depends  upon  the 
distance  which  the  excitation  wave  has  already  travelled  through  the  impaired 
muscle.  Similarly  the  slowing  of  the  wave  during  its  progress,  the  prehminary 
to  actual  block,  is  shown  to  be  due  to  a  pecuhar  and  uniform  condition  of  the 
muscle.  Unequal  influence  of  the  perfusate  could  produce  the  phenomenon 
in  one  region  only,  and  not  in  a  region  which  changes  according  to  the  site 
of  stimulation.      In  some  experiments  the  excitation  wave  failed  to  travel 
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Fig.  1.  A  series  of  electrical  records  obtained  from  the  same  pair  of  non-polarisable  electrodes 
during  e  perfusion  with  an  ox}'gen  free  Locke  solution  of  Pn  70  to  illustrate  the  alteration 
in  the  form  of  the  complex  as  the  rate  of  conduction  is  slowed.  The  conduction  rate  is 
written  by  the  side  of  each  complex.  The  ordinatea  of  the  curves  as  reproduced  represent  a 
time  interval  of  I-lOth  of  a  sec.,  the  abcissae  a  distance  of  5  mm. 


in  a  straight  line  ;  when  tliis  happens  it  is  recognisable,  and  in  such  exjjeri- 
ments  the  transmission  intervals  are  affected  and  slo^sing  of  the  wave  in  its 
progress  cannot  be  determined. 

The  electrical  deflections  taken  during  the  less  alkaUne  perfusion  show 
definite  and  very  obvious  changes.  Their  amphtude  is  decreased  and  the 
steepness  of  the  upstroke  and  downstroke  of  the  deflections  is  relatively 
and  absolutely  diminished,  as  perfusion  continues.     In  Fig.   1  is  shown  a 
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series  of  intrinsic  deflections  obtained  from  the  same  pair  of  non-polarisable 
electrodes  during  a  perfusion  with  P,,  7-0  in  which  the  oxygen  had  been 
replaced  bj'  nitrogen.  The  original  records  were  projected  with  a  lantern 
and  magnified  8  times,  outlined  on  pajier  and  have  subsequently  been 
reduced.  The  rate  of  conduction  between  two  fixed  points  of  the  auricle, 
obtained  by  direct  measurement,  is  written  by  the  side  of  each  deflection. 
These  curves,  which  were  obtained  in  their  order  of  notation  over  a  perfusion 
period  of  about  seven  minutes,  show  very  definitely  the  changes  described 
as  the  rate  of  conduction  in  the  auricle  decreases.  The  electrical  deflections 
are  httle  altered  when  the  conduction  rate  is  slightly  decreased,  but  when 
the  rate  of  conduction  is  considerably  decreased,  the  deflections  are  heavily 
degraded.  Consequently  when  the  excitation  wave  slows  down  in  its  progress 
from  point  to  point,  the  electrical  deflections  obtained  from  the  several 
points  show  a  corresponcUng  diminution.  The  proximal  record  largely 
retains  its  original  form  ;  the  middle  is  definitely  and  the  distal  record 
considerably  degraded. 

This  phenomenon,  namely,  slowing  down  of  the  excitation  wave  in  its 
passage,  has  been  described  as  occurring  when  oxygen-free  perfusates  of 
Pn  7-0  are  used  ;  but  it  is  to  be  stated,  that,  under  the  conditions  of  experi- 
ment, it  occurs  also  during  prolonged  perfusions  with  oxygenated  fluids  of 
P,,  7-0.  We  are  of  the  opinion  that  lack  of  oxygen  plays  its  part  in  both 
circumstances  ;  for  a  heart  after  long  perfusion  with  oxygenated  fluid 
probably  lacks  oxygen,  and  on  occasion  intra-auricular  block  produced  by 
unoxygenated  perfusates  of  Pjj  7-0  can  be  reheved  by  oxygenated  perfusates 
of  the  same  ionic  concentration.  Our  observations  show  that  well-oxygenated 
l^erfusates  of  Pn  7-0  first  decrease  conduction  rate  uniformly  throughout 
the  muscle  ;  later  if  the  perfusion  is  continued  long  enough  this  uniformity 
is  lost,  and  the  feature  of  slo^^ing  during  progression  is  added.  Unoxygenated 
perfusates  of  Pj,  7-0  act  similarly  but  more  rapidly  and  certainly.  When 
the  excitation  wave  slows  down  to  a  halting  point  in  its  course  through  the 
affected  muscle,  we  have  to  deal  with  a  phenomenon  comparable  to  that 
termed  "  decrement"-**,  and  supposed  to  occur  when  an  impulse  fails  to 
pass  through  a  region  of  nerve  which  is  narcotised. 

Acetyl-choline  in  doses  sufficient  to  produce  a  profound  vagal  effect 
was  frequently  injected  both  when  the  rate  of  conduction  was  shghtly 
decreased  and  when  the  excitation  wave  slowed  in  its  course.  In  the  former 
circumstance  its  action  was  indefinite  (Table  X),  though  on  the  whole  the  rate 
of  conduction  tended  to  increase.  In  the  latter  (Table  XI)  acetyl-choline 
constantly  not  only  caused  the  wave  to  travel  fa.ster,  but  also  to  penetrate 
further  into  the  muscle,  actual  block  being  reheved  ;  the  effect  on  the 
slowing  of  the  wave  on  its  course  was  as  a  rule  not  complete,  that  is  to  say, 
uniform  conduction  rates  from  point  to  point  were  not  as  a  rule  re-estabhshed. 
The  electi'ical  deflections  were  correspondingly  changed  by  such  injections, 
the  amplitude  being  increased,  and  the  upstroke  and  downstroke  of  the 
deflection  becoming  steeper.     In  the  presence  of  slowing  of  the  wave  in  its 
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course,  with  its  aecompanjing  and  progressive  degradation  of  the  complexes, 
the  records  from  the  several  points  were  all  improved  in  the  sense  that  the 
deflections  increased  in  ampUtude  and  the  chsparity  between  the  amphtudes 
of  deflections  taken  from  proximal  and  distal  points  notably  decreased  ; 
it  was  not  abolished,  however. 


Summary. 

The  rate  at  which  the  excitation  wave  is  transmitted  in  auricular  muscle 
is  dependent  upon  the  hydrogen-ion  coiicentration  of  the  perfusate.  It  is 
increased  by  more  alkaline  (Ph7-8)  and  decreased  by  the  less  alkahne 
perfusates  (P^  70),  both  in  the  rhythmically  and  naturally  beating  heart. 
In  the  latter  circumstance  the  sinus  rate  is  similarly  affected  so  that  the 
increased  rate  of  conduction  occurs  with  a  high,  and  the  decreased  rate  of 
conduction  with  a  low,  cardiac  rate. 

With  oxygen-free  perfiisates  of  Ph  70  the  conduction  rate  decreases 
profoixndly,  and  the  wave  travels  slower  as  it  progresses  from  its  starting 
point,  even  djdng  out  before  it  reaches  the  distal  recording  electrode  of  a 
series.  The  djdng  away  is  not  due  to  an  unequal  distribution  of  the  perfusate 
in  the  muscle  ;  the  muscle  is  in  a  uniform  condition,  and  when  block  occurs  it 
occurs  because  the  wave  has  travelled  some  distance  through  muscle  reduced 
to  a  peculiar  state.  Strong  vagal  stimulation,  produced  by  injecting  acetyl- 
choline, leaves  both  the  normal  and  increased  conduction  rates  of  muscle 
perfused  with  normal  or  more  alkahne  fluids,  respectively,  imchanged  ; 
wliile  conduction,  when  decreased  by  less  alkahne  perfusates,  is,  on  the  whole, 
increased  in  rate,  though  not  to  normal,  by  the  same  vagal  stimulation.  If 
slowing  of  the  wave  in  its  passage  from  point  to  point,  with  or  without 
eventual  block,  is  present,  vagal  stimulation  largely  aboUshes  this 
phenomena. 
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PAROXYSMAL  TACHYCARDIA  OF    ^-T'   NODAL  ORIGIN, 
EXHIBITING   RETROGRADE    HEART-BLOCK   AND    RECIPROCAL 

RHYTHM. 

By  ALAN  N.  DRURY.* 

(From  the  Cardiac  Deijartmenl,   University  College  Hospital  Medical  School.) 


The  paroxysmal  tachycardia,  here  reported,  occurred  as  an  evanescent  event 
during  the  terminal  stages  in  a  case  of  subacute  infective  endocarditis.  The 
patient,  a  male  37  years  old,  was  admitted  to  hospital  with  carchac  failure. 
Signs  of  subacute  infective  endocarditis,  with  moderate  cardiac  enlargement, 
and  free  aortic  regurgitation  were  present.  The  rhythm  of  the  heart  was 
regular  excej^t  for  an  occasional  extrasystole.  His  condition  slowly 
deteriorated,  and  shortly  before  death  the  cardiac  rhythm  became  rapid  and 
irregular.  Many  electrocarcUograpliic  records  were  taken  while  this  irregu- 
larity, which  persisted  for  a  few  days,  was  present. 

The  simplest  irregularity  met  with  was  a  bigeminy,  a  normal  being 
followed  by  a  prematm-e  beat.  The  latter  presented  a  normal  ventricular 
complex  with  an  inverted  P  wave  where  the  R  wave  returned  to  the  zero 
hue  ;  the  extrasystoles,  therefore,  were  of  the  type  recognised  as  atrio- 
ventricular. When  one  such  premature  beat  stood  isolated  amongst  natural 
beats,  the  returning  cycle  was  compensatory.  More  frequently,  however, 
several  successive  premature  beats  occurred  which  gave  rise  to  a  tachycardia 
of  short  duration  at  a  rate  of  about  150  per  minute.  The  ventricular  beats 
forming  such  a  tachycardia  presented  normal  complexes  except  that  they 
showed  some  aberration  due  to  the  rate  of  beating  ;  each  ventricular  beat, 
to  the  last  beat  of  the  paroxj^sm  was  accompanied  by  an  auricular  beat,  the 
latter  represented  by  an  inverted  auricular  complex.  From  these  considera- 
tions, it  is  evident  that  the  focus  of  the  paroxysm  lay  in  the  A-V  nodal 
tissue,  and  the  impulses  here  liberated  brought  about  simultaneous  auricular 
and  ventricular  systoles.  As  the  inverted  auricular  complex  always  fell 
clear  of  the  initial  ventricular  deflections  the  extrasystolic  focus  was,  in  all 
I^robabihty,  low  dovrix  in  the  A-V  nodal  tissue  ;  though  an  impairment  of 
retrograde  conduction  could  bring  about  a  similar  relation. 

*  Working  on  behalf  of  the  Medical  Research  Council. 
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During  the  paroxysms,  two  features  were  constantly  and  clearly 
displayed  ;  namely,  retrograde  heart-block,  and  reciprocal  rhythm,  and  it 
is  the^e  two  phenomena  which  it  is  proposed  to  describe  in  some  detail. 

Retrograde  heart-block.  Instances  have  already  been  recorded-  of  A-V 
nodal  tachycardia  in  wliich  the  inverted  auricular  complex  falls  clear  of  the 
initial  ventricular  deflections  ;  but  in  the  records  published  the  P  wave  is 
related  in  a  constant  manner  to  the  R  deflection,  the  R-P  interval  remaining 
unchanged  during  the  paroxysm.  In  the  records  of  this  case  the  relation 
between  the  initial  ventricular  deflection  and  the  inverted  auricular  complex 
is  constantly  changing  owing  to  the  retrograde  heart-block,  wliich  determines 
that  the  auricle  shall  fail  to  resjjond  to  occasional  nodal  impulses.  In 
Fig.  1  a  tachycardia  is  recorded  in  wliich  every  tliird  auricular  beat  is  missing. 
The  R-R  and  the  R-P  intervals  have  been  measured  and  the  former  written 
horizontally,  the  latter  vertically,  throughout  the  record,  wliile  the  mechanism 
is  diagrammatised  in  the  usual  way.  The  failure  of  the  auricle  to  respond  is 
not  associated  with  any  increase  in  rate  of  the  A-V  nodal  rhythm;  the 
tachycardia  is  regular.  Moreover,  the  second  R-P  interval  is  always  longer 
than  the  first,  and  after  an  auricular  beat  is  dropped  this  relation  is  again 
reproduced.  This  mechanism  is  repeated  ^vithout  break  throughout  the 
record.  In  Fig.  2  the  dropped  auricular  beats  occur  less  regularly,  either 
after  every  second  or  every  third  ventricular  beat.  In  Fig.  3  is  shown  a 
record  in  which  the  R-P  interval  is  gradually  lengthened,  taking  as  many  as 
eleven  cycles  to  lengthen  from  0078  to  0124  of  a  second,  when  an  auricular 
beat  is  dropped.  In  the  next  cycle,  the  interval  shortens  to  0-068  of  a  second, 
when  the  paroxysm  terminates.  The  R-R  and  the  R-P  intervals  have  been 
measured,  and  the  measurements  written  in  the  diagram  beneath  the  record. 
It  has  been  stated  that  the  final  ventricular  beat  of  a  paroxysm  was 
accompanied  by  an  inverted  auricular  complex.  Exceptionally,  however, 
a  paroxysm  terminated  in  a  ventricular  complex  stanchng  alone.  This  is 
only  to  be  expected,  as,  owing  to  the  retrograde  heart-block,  auricidar  beats 
are  frequently  missing.  It  was  consistently  found  that  whenever  a  jjaroxysm 
terminated  in  a  ventricular  beat  alone,  it  ended  when  a  dropped  auricular 
beat  was  expected. 

The  records  show  clearly  many  instances  of  retrograde  heart-block  in 
which  occasional  auricular  beats  are  missing,  and  the  features  are  similar 
to  those  seen  in  forward  heart-block  when  the  ventricle  fails  to  respond  to 
occasional  auricular  impulses. 

Reciprocal  rhythm.  In  addition  to  the  retrograde  heart-block  just 
described,  many  instances  of  reciprocal  beating  occur  in  the  records  taken 
during  the  paroxysms.  This  reciprocal  rhythm  frequently  occurs  when  the 
R-P  intervals  are  gradually  and  jirogressively  lengthened.  In  these 
circumstances,  when  the  R-P  interval  reaches  a  certain  value,  the  regular 
tachycardia  is  disturbed  momentarily  by  a  ventricular  beat  which  is  premature 
by  about  0-06  of  a  second.     This  beat,  which  is  never  followed  by  an  auricular 
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beat,  presents  a  supraventricular  complex  differing  from  those  of  the 
tachyearcUal  period  in  that  the  R  wave  is  reduced  in  ampUtude  and  a  deep 
S  wave  is  present  ;  it  shows  aberration  due  to  the  increased  rate  of  beating. 
The  rhymicity  of  the  extrasystoUc  focus  remains  luidisturbed  by  the  premature 
beat,  for  at  the  next  cycle  the  tachycardia  resumes  its  original  rate. 

In  Fig.  4  is  a  record  in  which  the  regularity  of  the  tachycardia  is 
interrupted  at  three  points  by  such  a  beat ;  the  R-R  intervals  are  written 
horizontally  and  the  R-P  intervals  vertically  in  the  diagram  beneath  the 
record.  It  is  seen  that  the  R-P  intervals  lengthen  progressively  after 
every  dropped  auricular  beat  and,  when  thej'  reach  a  value  of  0131,  0-136, 
0-137  of  a  second  respectivelj'^,  a  premature  ventricular  beat  follows.  The 
R-R  intervals  at  these  three  points  are  shortened  by  about  0-00  of  a  second, 
but  return  immediately  after  the  disturbance  to  the  usual  values.  In 
Fig.  5  the  tachycardia  is  disturbed  bj^  a  premature  beat  at  two  points  only, 
the  prececUng  R-P  interval  having  reached  a  length  of  0-130  and  0138 
of  a  second,  respectivelj^ '  In  the  middle  of  the  record  the  R-P  interval  is 
lengthened  to  0-112  of  a  second  ;  the  next  ventricular  beat  is  not  premature 
and  the  amicular  beat  is  missing.  Fig.  6  illustrates  a  further  example, 
the  prematuz'e  beats  occurring  at  the  points  starred.  The  R-P  intervals 
preceding  the  premature  beats  have  been  measm-ed  in  some  twenty-five 
instances  and  varj-  from  0126  to  0-147  of  a  second  with  an  average  value  of 
0-137  of  a  second  ;  while  the  P-R  intervals  vary  from  0154  to  0179  of  a 
second  Mith  an  average  value  of  0-166  of  a  second.  As  the  length  of  the 
cycles  in  different  paroxysms  differs  by  about  005  of  a  second,  such 
variations  are  inconsiderable.  Measurements  of  the  longest  R-P  intervals 
which  are  not  followed  by  premature  beats  show  that  these  onlj^  reach  values 
of  0-110  to  0-124  of  a  second.  The  constant  association  of  the  premature 
beat  ^\ith  a  definite  length  in  the  preceding  R-P  and  P-R  intervals  drives 
one  to  the  conclusion  that  it  is  not  fortuitous,  and  that  this  beat  must  be 
associated  in  some  way  with  the  jDreceding  auricular  systole.  A  reciprocal 
rhythm  is  present  in  which  the  A-V  nodal  impulse  brings  about  both  a 
ventricular  and  an  am-icular  beat ;  the  last,  if  sufficiently  delaj-ed,  in  its 
turn  gives  rise  to  a  second  ventricular  response.  Such  a  reciprocal  rhythm 
has  already  been  described  by  White*'  *'  ®  and  GaUavardin^  in  cases  of  A-V 
nodal  bradycardia,  and  this  case  provides  a  further  example  of  the  same 
rhythm,  but  occiu-ring  in  A-V  nodal  tachycardia. 

For  such  a  rhj^thm  to  occur  it  seems  most  reasonable  to  consider  that 
the  impulse  set  free  from  the  A-V  node  re-enters  either  in  the  auricular 
muscle  or  at  some  other  supraventricular  point  and  passes  again  to  the 
ventricle  ;  and  that  the  junctional  tissues  are  ready  to  conduct  the  re-entrant 
impulse  to  the  ventricle  very  shortly  after  they  have  conducted  the  impulse 
to  the  auricles,  ftlines^,  discussing  reciprocal  rhythm  in  the  cold-blooded 
heart,  suggests  that  in  exceptional  circumstances,  such  as  rapid  stimulation, 
different  fibres  of  the  junctional  tissue  would  recover  at  shghtlj'  different 
rates,  and  that  this  difference  would  enable  an  impulse  to  travel  in  one 
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direction  through  the  fibres  having  the  quicker  recovery  process,  the  remainder 
failing  to  respond,  and  that  the  last  in  their  turn  would  be  ready  to  conduct 
the  impulse  in  the  reverse  direction.  The  fact  that  a  reciprocal  beat  is 
only  seen  in  this  case  when  conduction  through  the  junctional  tissues  is 
strained  to  a  critical  point  strongly  suggests  that  the  conditions  which 
Alines  postulates  are  present,  and  that  the  impulse  travels  retrogradely  by  a 
certain  number  of  the  fibres  only,  the  remainder  being  at  the  time  refractory, 
the  latter  recovering  in  time  to  conduct  the  impulse  back  to  the  ventricles. 
As  to  how  and  where  the  impulse  re-enters  is  a  matter  of  speculation.  A 
circus  movement  may  occur  in  the  auricular  muscle  so  that  the  impulse 
circulates  in  this  chamber  and  passes  again  through  the  jimctional  tissues 
to  the  ventricle.  This  suggestion  receives  httle  support  from  the  records, 
for  the  auricular  complex  remains  unchanged  and  gives  no  indication  of 
movement  in  a  circular  path  of  macroscopic  dimensions  ;  if  present  it  must 
take  place  in  so  small  a  mass  of  muscle  that  it  fails  to  alter  the  auricular 
complex.  Again,  re-entry  may  conceivably  take  place  in  the  upper  part  of 
the  A-V  nodal  tissue  itself;  the  impulse  starting  from  the  A-V  nodal 
focus,  and  travelHng  retrogradely  by  a  certain  number  of  fibres  only,  the 
remainder  being  at  the  moment  refractory.  As  soon  as  the  remainder 
become  responsive  again  the  impulse  re-enters  these  fibres  and  travels  in  a 
forward  direction  to  the  ventricle,  which,  owing  to  its  shorter  refractory 
phase,  will  be  ready  to  respond. 


Summary. 

A  case  of  tachycardia  of  A-  V  nodal  origin  is  described  in  which  retro- 
grade heart-block  and  reciprocal  rhythm  are  clearly  and  constantly  displayed 
during  the  paroxysms. 
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